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AHSTRAC:T 
tvtany studies ha vc i nvcst i gated Jc;1rn i 11g in sci cnce classes, ex alll i ni 11g various 
in 11uenccs 011 the understandings that students dcvcl()p. The purpose of I Iii s sl ud y w,1s t () 
in vest igatc the i ntcract ions that took place i 11 u ppcr pri 111ary science lessons, and ! In: w;_i y 
the teacher and student heh a \·iours a ffcctcd these interactions and I he op port u n It i cs Ji ir 
learning. 
The three classes that were select cd for t lw st 11d y were s i m JI ar a:id the lc,ic hers 
were al I ex pcricnccd primary teachers. The teachers were su pp I J cd w Hh a sc\ I) r .c,c 1 cncc 
lessons on the topic of e lcctri c c i rcui ls. The resources i nc I uded background in i�,mnat i< m 
for the teachers and suggested activities, demonstrations, analogies and focus questions 
that the teachers could use to dc\·e!op sc ienti fie ally valid understand; ngs. The student 
activities were designed :o allow the students to imTstiga\e and so]\·e problems related 
to electric circuits, and to then discuss the acti\·ities in their groups to de\·dop 
understandings. Whole-class discussions were used to further dc\Tlop the 
understandings and then the students, in their groups, used their ne\\' kno\\'lcdgc to sohT 
theoretical problems. 
The data collection was broad to ensure that as much information as possible 
was obtained. The students participated in pre and posttcsts. with one group of students 
from each class also interviewed prior to and alter the series or lessons about their 
understandings. All the teacher interactions with the class and \\'ith !!roups nf students 
were audio-recorded, and one group of students, the group that \\'as interviewed. was 
video and audio-recorded. The researcher also attended all the science lessons and 
recorded anecdotal records of the activities during the lesson. and any blackboard work 
that occurred. 
The data analysis examined the types of teacher and student behaviours that 
occurred; the quantity and types of interactions that occun-cd in the whole-class and 
group discussions; the management of the task and behaviours in whole-class and group 
activities; the way the lesson time was used by the teacher and by the students in their 
group work; the use and understanding of scient i fie vocabulary; and the understandings 
that were developed by the students. The analysis revealed important di ffcrcnccs in the 
teaching bcha viours of the three teachers and in the ways that they rcla tcd to thci r 
students. The teachers changed the curriculum materials, sometimes purposefully, hut 
sometimes inadvertently, resulting in changed learning oppmtunitics for the students, 
111 
and often usnl sc icn t i  fie terms i ncorrcct I y and/or d i d  not ex p la i n  them. The teachers ' 
nrnnagcmcnt of  I i  me ,  studen t  behav iour ,  t asks  and d isc uss ions wnc very d i  ffcrcn I and 
a ffected I he  flow of  l essons and oppurt  u n i t  i cs s t  udc1 1  t s h :11 I to dl'.vc I t  >p  u nders t  a ru  I i  n�s. 
The studen ts ·  ! eve I of  a t t en tion  and rcspons i hi Ii t y /'or  task 1 1 1  anagcrnent  a I so vari ed 
bet\\'CC l l  st udcnts and hcl \�Tcn t he c l asses. SI udcn ts '  group \vork sk i I Is \'/!.TC gl'ncra 1 1  y 
fou nd to he  i nadcq uate to manage group re l  al ionsh i ps aml tas k s. 
Because o f  t he  scope o r  t h L' d a t a . whir: 1 1  cnc< in 1passes many v , tr iahl cs, i I \Vas I J (  i t  
intcmkd nor poss ib le  to  cs tab l ish any d i  ree l  e a  usa !  n.: la t i o n  sh ips  het v,-ccn part i c  u I a r  
teach ing/learni ng  \·ari ahlcs and the  l ea rn i ng outcomes. hut  i t  was poss ib le  to suggest 
l inks bel \H'en aspec t s  or the l earn ing  en v i  ronrnent. opportun i t i  cs  for ll:arnmg ;_ind 
changes in I he s tudents · understand i n gs. From the data .  spcc i l ie asscrt i  ons wen: 
generated and  these were col l ated to p roduce general  assertions .  wh i ch  were aga i n  
aggregated to  produce  t he  o\·e rarch i  ng  assert ions. t he  fi ndings o f  t he  s tudy. 
These findings arc consi stent wi th those from m any prc\' ious stud ies o f  
c1assroom interactions and beha\' iours. Howe\'Cr, they al so ind i cated that t h e  c l assroom 
ethos;  the management st rategics and styles of the teachers; the teach i ng  style o f  the 
teacher; the ways that d i scussions were cond ucted; the level o f  invo l \'ement .  
responsibi l i ty and independence of  the students ; and the ,\·ay time was used had an 
impact on the l earn ing opportun it ies during the lessons and the deve lopmen t o f  
acceptable,  sc ient i  fie  understand ings. 
This study, which p rovides an in-depth ana lys i s  of the comp lex i ty of the 
teaching-learning process in  primary sc ience lessons. o ff  crs i nsi gh Is  \\'h i c h may be 
useful  in other learning areas, as many of  t he  fi nd ings arc not spcc i fi c to the sc icnce 
aspects of the l essons stud i ed .  
I \' 
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CHAPTER I 
Background to the study 
1 n t roduct ion 
There i s  a long history of  n:scarch on teaching in sci<.:nce classrooms. with studies examining both teaching and learning. Ofit:n the investigations have found that the teaching and learning did not produce thl: c.xpecteJ outconu.:s, with various aspects of the kaming environment recognised as being prohkmatic . .\1any rrohlems arist.: from the altcmatin: frameworks that students and sometimes teachers holJ, but otlicrs arc caused by communication breakdowns, where the topics or  di scuo;sion or 1hc !,mg1rngc used are misunderstood by the students and/or the teacher. Altcrnati\·c conceptual frameworks in science have been a frequent subject for research as has the development of strategics intended to restructure student conceptions towards a more scienti fie view ( eg. Osborne & F rcybcrg, 1 985; Posner. Strike, Hc\\·son & Gertzog, 1982). I n  the literature a variety or names ha\·e been used to dcscribe the misunderstandings students hold including: misconceptions ( Helm. I 98() ). children· s science (Osborne, 1 980), intuitiYe knowledge (Strauss. I l)S 1 J. preconceptions ( Clement. 1982) and altcmati\·e frameworks (Dri\·cr. 1981 ). For the puq1osc of this tht:sis they will be referred to as alternative frameworks or alternative urnkrstandings. Most teaching stratc!.!ies emcrninu from the research ha\·c a larL'c or;i! Jam:ua�c � - ::, ::,  - - -component where the teacher and students discuss their ideas and the results nr investigations and clarify these ideas. These discussions ban:: been shmrn to he an important factor in facilitating conceptual grmnh and change (Cosgrm·e & Osborne. 1985b; Driver, 1989). It  has been demonstrated that. not only arc teachers olicn unaware of the alternative frameworks that students hold and the effect that these might ha\·c on learning (Smith & Neale, I 989), but that teachers. particularly primary teachers. may hold similar alternative frameworks as their students (cg. Gilbert. Osborne & Fensham. 1982; Heller & Finley. 1992). Primary teachers o ften feel insecure teaching. scicnc!..' and Schmidt and Buchman ( 1983) felt that they were .iw.irc o f  their limited kno\\·led!.!e and understandir,g. Anderson and Smith ( 1 987) stated that only 221� :1 nr elementary teaclll·rs considered that they were competent to teach science, and Smith and Neale ( 1989) summarised earlier studies to conclude that primary teachers did not consider that thcv 
had sufficient training to be comfortable tr.:aching science and, because o f" this, science 
was not allou1ti.:d much teaching tim..!. Studies have indicated tha! nearly a third of 
prim;.u-y teachers in one area of  Wr.:str.:rn Australia were nol motivatcd to teach science 
generally and ovi.:r a third were not confi<lcnt h.:aching ern.:rgy topics (Yatcs, I CJ88; Yates 
& Goodrum, 1 990). In  a later unpublished study, 1 36  primary teachers in I 5 school:; in 
Western Australia were asked to indicate on a Liker! scale their confidence in teaching 
science. Twi:nty-li\·c percent of respondents had low or very low confidence and a 
further 32%1 were at the mid-point (Happs & Coulstock, 1 995 ). 
Primary school teachers in Western Australi a  still tend to use traditional methods 
for teaching science with limited or no focus on the existence of  alternative frameworks, 
although the introduction of the "Primary Investigations" (Austral ian Academy of 
Science, 1 994) curriculum may be changing this. The Western Australian primary 
science materials that were in schools at the time of this study, (eg. Western Australian 
Education Department, Curriculum Branch, 1976, 1 983, 1 984) had emphases on hands­
on activities and group work, with questioning and discussion to promote 
understanding. 
Oral language in primary classrooms has been investigated in many learning 
areas (eg. Brown & Palinscar, 1 989; Cazden, 1 986), with some relating to primary 
science lessons (eg. Bell & Freyberg, 1 985; Edv,'ards & Mercer, 1987). Investigations in 
high school science c lassrooms have analysed several language areas including teacher 
questioning (eg. Wilen, 1 987), interactions i n  group work (cg. Barnes & Todd, 1 977; 
Webb, N., 1 985) and student misunderstanding of language used by teachers (eg. Bel! & 
Freyberg, 1985; Lemke, 1990). 
Conceptual change teaching strategies designed to address alternative 
frameworks have a large language component which is important in restructuring 
students' idea�. A variety of language factors may affect the de,·elopmcnt of students' 
conceptions, including teacher and student misundersta11u1ngs of  science concepts. 
everyday meanings being ascribed to science tcnns, and the l imited ability of children to 
participate effectively in discussions because of their l imited social. interpersonal and 
communication skills. l l  would therefore appear that an investigation of oral language 
int�ractions and their relationship to the development of students' conceptions in 
primary science lessons, would contribute to improving scicni.:c education. This may 
lead to an improved understanding of  the types of c lassroom interactions that pro,·idc 
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opportunities for learning and facilitate thc com;truction of  scicnti lie vmceptions 
embedded in  appropriale scicntilic langllage. 
Significance of this Sludy 
To improve the various forms of discussion in primary science lcssor.'s, more: 
infonnation is ncc<lctl to assist tc,1chcrs in structuring lesson interactions to facilitate 
more effect in: science :earning. Research is needed to examine the development or 
meaning through classroom interactions and those that occur in group discussions. Part 
of this development may not be verbalised or written down, but language-based 
interactions within the lessons should indicate some aspects of the construction of 
meaning. This research investigated the oral language interactions and written work 
within science lessons in three primary classrooms. to begin building an understanding 
of the effect of c lassroom interactions on opportunities for learning and on the 
development of students' understanding of science concepts. 
Purpose of this Study 
The purpose of this study was to investigate the influences of teachers' and 
students' language and interactions in teacher-cl,1ss, teacher-group and \Vithin group 
discussions on opportunities for learning and the ,tcvelopment of students' 
understanding of electric circuits in primary science lessons. 
Research Questions 
Primary Research Question 
How <lo interactions and discussions in primary science classrooms and the 
language used by teachers and students affect the opportunities for learning and the 
meanings that students construct for science concepts? 
Secondary Research Questions 
l .  How does the teacher present the science topic and o ffer initiai explanations and 
instructions for activity work? 
2. How do the discussions that take place between students during group activity work 
and the way the activities arc managed affect student participation and the 
opportunities for learning'? 
3. How docs the teacher interact with groups and how docs this i nfluence the teacher's 
and students' participation and opportunities for learning? 
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4. In  wholc·class settings, how docs the tead1er conduct th<.: discussion to bring 
togctb•.::r the reports of group discussions and develop scienti lie understandings, and 
\\hat factors influence the students' participation an<l the opportunities f'or l<.:arning'! 
5 .  What understandings of science conc<.:pts Uo students di.;vclop and how arc these 
cmbcdt.k:d in their language'! 
This thesis describes the n.:search approach um! gives detailed information about 
the teaching and learning behaviours in three primary science classrooms and the 
changes in students' m11.lcrstanJings. It also discusses the findings and suggests ways 
that these could be used to help improve science teaching and science curriculum and 
gives direction for further research. Chapter 2 reviews the li terature related to the study 
and provides the conceptual framework; Chapter 3 discusses the methodology and steps 
taken to ensure the rigour of the study and the trustworthiness of the data; Chapters 4 · 7 
provide information about the participating schools and the participants, the types of 
teaching and discussion that occurred in who]e.r.lass discussions and when teachers 
interacted \Vith groups, and the discussion and work that occurred in one specific group 
of students in each of the classes; Chapter 8 compares two teachers' methods of 
teaching one proposition, and one teacher's method of teaching two different 
propositions; Chapter 9 examines the changes in understanding that occurred for each 
proposition for each class; Chapter I O discusses the findings from the study and 
synthesises assertions developed from the data; and Chapter 1 1  c:iscusscs the limitations 
of the study, the conclusions that have been reached and the implications of the 
findings. 
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CIIAPTER 2 Literature Review 
Introduction 
Students come to science lessons with strongly hdd altcrnative science understandings and often do not change thcst.: views during or alter teaching (Solomon, 1 993; Trcngust, Duit & Fraser, 1996). Many models ofanJ approaches to teaching science have been developed from a constructivist perspective to bring ahout conceptual change (cg. Cosgrove & Osborne, 1 985a, 1 985b; Driver & Scott, J 9CXiJ. However, in the complex milieu of classroom life, a variciy of factors may affect any change of views: the nature of the class discussions and the teacher's teaching style withm discussions and activities; the composition of groups; students' conceptual frameworks; students' experiences in group work and the nature o f  the conversation in the groups; the organisation of the lesson; and the nature of students' participation in all facets of the lesson. This Chapter reviews the theoretical and research literature that informs our current understandings of teaching for conceptual growth and change. 
Constructivism 
Social Constructivism Constructivist psychology considers that learners, when presented with new information, need to participate actively in relating the new information to ideas already held, in order to construct meaning from their experience (Driver. 1 989. 1 994: Driver. Asoko, Leach, Mortimer & Scott, 1 994; Wells, 1 989). Solomon ( 1 987) discussed the move away from an earlier view based on Pirget's work that unJerstanJings were developed through personal experiences and knowledge, towards a view that understandings were socially constructed, with people needing recognition from others that their ideas are understandable and acceptable. This makes socially constrncted learnings very resistant to change, and she questioned whether idiosyncratic understandings can survive in a social environment when they arc not understood or accepled by others. She considered that it would be difficult to develop understandings without lhc cooperation and support of others. Berger and Luckman ( 196 7) also indicated that, to validate any developing understandings, the support and corroboration of others is needed. 
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The concept of social development of understanding is one that was being 
con.sidcrcd as early as J (JJ8 in lkwcy's work. Although J >cwey's emphasis was 011 tile 
Progn:ssi\'l! School Mon;ment, he discusscd the social aspt:ds uf  karning and 
considered that education occurs through cxpcrit.:nccs and that there was somc 
transaction occmTing bctwcen the ind1\'idual and thc expericnce ( I  kwi:y, I c175 ). Pope 
( 1 98 I )  described this as "interaction with tlH.: environment" (p. CJ J. In a later paper, 
originally published in 1 944, Dewey ( I CJ(i(i) statt.:d that karning is affecti.:<l by tht: 
attitudes and interest, of other people, and that the quality of t:ducution would dt:pen<l 
on the in\'ol\'cmcnt ofan imlivi<lual in a social activity. Although Pope ( 1 98 1  J dcscriht.:s 
Progressivism as seeing the students de,·c\opment as being in sequential stages and 
stated that this was supported by Piaget's theories, Dewey's concepts place a greater 
emphasis on social interactions than Piaget. 
Driver et al. ( 1 994) discussed a range ofYiews about constructivism starting 
with personal construction of meaning, stating that this would require classroom 
activities that would challenge the student's understandings and lead him/her to 
reorganise these. They discussed Piaget's constructivist Yicws, which generally focusscJ 
on individual construction of meaning, and indicated that Piagct co1�sidcrcJ that social 
interaction could play a part in constructing understandings. Piagct also stated that. 
although most of his publications dealt with cogniti\·c de\·elopmcn!. thcn.: ,,·as more 
emphasis on social aspects in his early studies (Karnii & DcVrics. 1 980). Dn,·LT et al. 
also discussed views of constructivism in which learners needed to dcYclop an 
understanding ofseicntific language and practices before they \\'ould be able to 
construct understandings and, because science concepts arc often abstract and not 
obse1vable, learners need to be "initiated into the ideas and practices of the scientific 
community ... " (p. 6) in order to be able to develop understandings. Bruner ( 1 985) 
discusses the "symbolic world" (p. 32) that is part ofVygotsky's ideas, a world \\·hich 
would be impossible to understand without the help and support of others. Drin;r et al. 
related this to the abstract nature of science concepts. They considered that social 
interaction in groups based around appropriate activities with the teacher's facilitation 
was an important aspect of social constructivism hut, although the learners need to be 
involved in social interactions to develop understandings, they also need to make 
personal sense of the input. 
Within a society, the knowledge that needs to he passed on to the new generation 
is learned in a social context by engaging in activities and interactions with the cum:nt 
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user (Berger and Luckman, I 96 7; Vygotsky, 1 962). J ,uria ( l ()7()) considered that human mental <le\'clopmcnl is closely linked to social practices and statcd that "somc mental proci.:sscs cannot dcwlop apart from the appropriak forms of social life" (page l fJJ. Vygotsky ( 1 ')56) discussed the social and mental learning that occurs in the home by way of discussion and househo:d tasks, with the child hcing guided hy the mon.: skilli.:d adults. Howc,·er, he recognised that the li.:arning that occurs at home is constrained hy the space, the range of activities available and the number of adults and considered that the ideal school would he one which could support and build on the child's ideas and understandings. Bruner ( 1 985) emphasised that Vygotsky saw learning as a social process and not something which is occurred in isolation, Many aspects of social constructivism relate to the "zone of proximal development" (Vygotsky, 1 965, p. I 03) a concept that has important implications for learning. Vygotsky ( l  965) described an investigation where students were gi\·en problems which they would be unable to manage on their own, but who were offered support in  the fom1 of assistance or leading questions. The students were able to solve harder problems but the difference between their mental age and the age al which the problems would be likely to be solved varied, with one student only able to ad\·ance one year and another four years. Vygotskyy labelled this difference in the mental age of the student and the age of his/her problem solving with assistance .is the ··zone of proximal development" (p. I 03 ). Bnmer ( 1 985) described \'ygotsky' s zone l)f proximal development as being a situation where the learner is supponeJ hy an adull or  competent peer to  move from his/her current level of thinking to a highi.:r \en:,\. The tutor acts as the "vicarious fom1 of consciousness'' (p. 24) until the learner has internalised the necessary understandings. However, the support needs to be at an appropriate level for the learner. This suppwt is often referred to as 'scaffolding' (Bruner, 1 985; Driver, 1 989). Newman, Griffin and Cole ( 1 989) consi1.kred that the concept could also include a situation where a group of people worked cooperatively on a problem which one or more members of the group wou!J not he able to solve alone. 
Social Constructivism in the Classroom Brown and Palinscar ( 1989) describe the use of scaffolding in their reciprocal teaching of reading. Students work in cooperative learning groups with a teacher supporting the group activities. The students take turns at being the discussion lcad1.·r who has the task of asking questions on the main content and summarising the content covered when the group time concludes. The teacher supports and scaffolds the 7 
discussion as the cxpi:rt in the group, hut the group 1111.:mhcrs arc cxpccted to jointly 
construct understandings am! support each other in thc development of these. 
Crawford ( I 1)95) di:scribcs two studics rclate<l lo classn,om computcr Wfirk. Thi: 
tirst was with preschool childri:n and, although initially the computer work \',-' as 
constraini:d hy closi: supi:rvision and instructions hy adults, when tilt: stmknts \Vcrc 
given nwn.: frccdom any llL'\\" discoverics hy the computer user were ohservt:d and 
quickly used by othcrs in thc group. tkmonstrating how social interaction was ahlc to 
increase the students' umkrstanding of computer processes. The second study was with 
1 2  year old female students, who were allowed the opportunity to use computcrs in an 
after-school club. The students ,,·ere unused to collaborative work and the freedom to 
interact with others. and the patterns of conversation were markedly d ifferent in the cluh 
situation to the classroom. Crawford stated: 
Thus. as the project e•,:oived, the social characteristics of the setting - the 
shared ZPD - for learning ... involved problem definition, argument, strategic 
decision making, risk taking ar.d experimentation and self evalua1ion in a 
collaborative peer group. (p. 56) 
Crawford also noted the students' enthusiasm for the tasks an<l the learning that 
occurred. 
Origins of Alternative Frame,,·orks 
Vosniadou and Brewer ( 1987) stated that, although some learning is totally new, 
most i s  incorporated into or changes current understandings, a view consistent with 
Piaget's concepts of assimilation and accommodation. They felt that m isconceptions 
arise from the learner's attempts to interpret and integrate new infonnation \vith their 
current understandings. The Generative Leaming Model of Osborne and Wittrock 
( 1983) is based on the notion that learners actively construct meaning in  order to make 
sense of experiences using their current understandings. They attend selectively to the 
sensory input and use existing conceptions retrieved from long-tcn11 ·nemory and their 
cognitive strntegies to interpret the infonnation. However, because many existing 
understandings arc not scientifically correct, the resulting interpretations arc also likely 
to be unscic;.:.;fic (Carey, 1986). Engagement in learning and the active construction of 
meaning is only likely to occur i f  the learner is motivated and takes responsibility for 
his/her own learning. 
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Conceptual Change 
Strike and Posner ( I 992) statcJ that conceptions were very complex and lwd links 1hroughnu1 the owner's umlc:rstant!ings, making them very difficult lo change, as mudilication of one com:cpt would mean other understandings would m:ed to be n:­asscsscd. Vosniadou anti hmnides ( 1 9')8) discussed two types of conct.:ptual change; spontaneous, which is usually developed through social interactions, and instructional, which is Je\·L'lopcd through teaching e:\periences. The emphasis in this discussion will be on change through imaruction. Research over the past two decades has shown that students bring strongly entrenched beliefs, which do not have a scientific basis, to science lessons and these may distort the concepts that are being learned. It has been shown that these understandings arc resistant to change (Anderson & Smith, 1 987) and, although students may be able to respond with a scientific answer shortly after the learning process, within a few months they have often reverted to their previous understandings (Carlsen, 1 991 b; Cosgrove & Osborne, 1985a). Conceptual change is the process of developing more scientific understandings by the learners and is based in constructivist epistemology (Tyson, Venville, Harrison & Treagust, 1997). However, studies have indicated that there are differing types of conceptual change and, although they arc given di ffercnt names in different studies (eg. Carey, 1985; Hewson & Thorley, 1989; Posner, Strike. Hewson & Gertzog, 1 982), most appear to offer sin;i\ar examples. The new understandings developed by the learners may be added to, modify, or replace current understandings. It i s  easier to add to or extend existing understandings rather than replace them, but, when this happens, the learners are more likely to develop alternative frameworks as the new knowledge will be constrained by and affected by the old (Vosniadou, 1 994). Tyson et al., after reviewing the literature, concluded that there are two levels of change, addition where infonnation is  added to existing knowledge. and revision where knowledge needs to be restructured. They state that most theorists separate this into "weak revision" or "strong revision" (p. 389) and include a table listing the various points of view. Weak restructuring results in limited changes to concepts whereas strong restructuring may result in the total understanding being reassessed. To replace understandings is more difficult and studies have indicated that this i s  a long-term process and cannot be achieved through one or two lessons. with Villani ( 1 992) indicating that, to attain conceptual change, any new instructional 
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strategics need to he used over a long period of time and witlim a vanl!ly of at:tivities. Vosniadou and lonnides ( I 91J8) also support the idea that t:0111.:eptual dtange is a gradual process which takes place t:ontinuously. 
The Conditions Necessary for Conccplual ('lrnngc Posner d al. ( 1 982) investigated conceptual change cmd considered that !hen: were specific c011<.iitions required fur it to occur. They considen.:d that. for conceptual change to take place, the learner must develop a dissatisfaction with his/her current understandings, usually hccause they arc unable to he applicd Jatisfactorily to the situation under consideration; the ncw concept needs to be intelligible and understood by the learner; it must also be plausible, it must fit with developing understandings and make sense to the learner; and. lastly. the new concept must be frunful and able to be applied to new situations. Posner et al. also considered that not all concepts arc changed in  the process of conceptual change, some arc retained and help guide the process. These conditions have provided the basis for much research and many teaching strategies and Tyson et al. ( 1 997) argued that this work has dominated the area of conceptual change i n  science because it took into account .. students' epistemological commitments to their understandings .. (p. 3 9 1 )  as well as prodding practical ideas for researchers. Conceptual change teaching strategics that have been de\'clopcJ since Posner cl al. 's ( 1 982) paper, generally take similar aspects of teaching and learning into account (eg. Cosgrove & Osborne, 1 985b; DriYer & Scott; 1 996). These strategics tn\'ol\'c the students in metacognitive processes to encourage them to recognise their 0\\'11 understandings; class discussion and evaluation of these understandings: presentation of the scientific understanding if it has not been offered by the students; group actiYities which might include experimental testing of ideas and discussion: and a bringing together of understandings developed during the acti,·itics. The acti\'ities and the discussion arc specifically designed to challenge existing ideas and lead students to a more scientific understanding of the topic. Although these st=-ategics often encouraged conceptual change it was found that students frequently applied the new understandings only in  the school situation and did not use them in out of school cm·iranmi.:nts (Anderson & Smith, 1 987; Driver & Oldham, 1 986), and that. within a short period of time, some students had reverted to their original ideas in all  situations (C'osgron:: & Osborne, 1985b ). 
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!\lelacognilion Learners construct new undcrstamlings hy inkrprci;ng what they sec and hear 111  terms of their cum.:nt cuncl.'pls (Trl.'agust, Duit & Frnscr, I 'JW,). To be mvan: of" thcir current understandings, students need to dcvclop mclacugnitivc aw..ircncss and, lo achieve this, they must he able to rclkct on their own and othcrs' undcrstam.Jings (Spada, 1 994 }. Vosniatlou ( 1994) suggested that teachers need to gi vc students opportunities to verbalise their ideas and test them practically to ht.:lp improve thcir mctaconccptual awareness, as students arc o flt.:n not aware of the explanatory frameworks that they hold (Vosnia<lou & Jonnides, 1 998). Pintrich, Marx and Boyle ( 1 993) suggested a variety ofmetacognitivc awareness raising strategics including paraphrasing, summarising and concept mapping which they felt would be helpful in developing understandings. Hewson and Thorley ( 1 989) suggested that qur;stioning by the teacher would encourage learners to reflect on their understandings, but they also felt that i f  students could be taught to monitor their own thinking about the intelligibility, plausibility and fruitfulness of new ideas i t  would provide a useful method of assisting conceptual change. Pintrich et al. ( 1 993) considered that students at all levels of education who were intrins;cally motivated and students who were focussed on learning and understanding would be: likely to use metacognitivc strategics. Those who were focussed on recalling infom1ation for examinations or competing against other class membe ·s were Jess likely to use them. Dusch! and Gitomcr ( 1 99 1 )  suggcs1cd that requiring students to  record their reflections and thoughts as well as the activities and observations would encourage mctacognition, and felt that teaching students to assess their learning would then enable them to monitor the status o f  the conditions set down by Posner et al. ( 1 982). 
Ontological, Epistemological and Social-lffective Aspects Since Posner et al. 's 1982 seminal paper, other studies have indicated that conceptual change is a more complex process and the cpistemolugical factors suggested by Posner et al. are only part of the process. Strike and Posner's ( 1 992) paper extends the thinking to include motivational and social-affective implications. Solomon ( 1 987) felt that the social environment had an impact on learning, affecting how the learner perceived the task and how it would be considered. Tyson et al. ( 1997) considered that the ontological, epistemological and social/affective aspects of learning all need to he considered. 
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Ontological hdicfa arc dcscrihed in  Tyson c.:t al. ( 19(J7) as "hi:l ic!S about the fuml:1111cntal categories and properties of the world" (Chinn & Bn:wer, I 'J'JJ, p. 1 7) and "how children imaginc the nature of objects and cvcnts" (Bliss, 1 tJ'J5, p. \ (JfJ). Drivcr cl al .  ( 1 99-1-) point out that children's ontological undcrstandings an; not static but ch:rngc as the childn:n cngage in new experiences within their culture. O lien the ontological categories that arc used by a stmknt to classify concepts arc incorrect and tht:se arc tlw basis on which other understandings arc built. It is therefore necessary to address these lo pro\·idc a framework for the development of more scicnti fie understandings, particularly when concepts arc \·cry resistant to change (Tyson et al., 1 997). Vosniadou 
( 1 994) referred lo "a framework theory of naive physics" (p. 46) and considered that this included epistemological as well as ontological presuppositions. Hov ... ·ever, she states that the understandings within the framework need to be recognised and addressed or scientific learning will not occur. Tyson et al. ( 1 997) described epistemology as .. ... how students view their own knowledge; that is, looking inwards and making qualitative judgements and commitments about various theories and conceptions they might have" (p. 400). They considered the conditions necessary for conceptual change as set out by Posner et al. ( I  982) a good example of an epistemological approach but felt that many studies did not evaluate the changes effectively by examining the status of the conceptions held. Dusch] and Gitomer ( 1991) considered the learner's epistemological framework was an important factor in achieving conceptual change as, in a classroom situation, this would affect the aspects of an investig;__it1011 a learner might consider supports or negates a new understanding. Treagust et al. ( 1 996) felt that students often have a passive view of learning and expect to memorise infonnation supplied by the teacher. This is not conducive to conceptual change which requires students to evaluate their own and others' understandings. Tyson et al. ( 1 997) felt that little attention had been paid to the motivational and affective aspects of conceptual change learning. Driver and Oldham ( 1 986) argued that there needed to be a supportive learning environment where the teacher and students accepted the ideas proffered by others. However, Pintrieh et  al. ( 1 993) considered that cognitive models of student learning did not recognise that classrooms have an important social/affective dimension, and that peer ap,j teacher input would affect understandings. Strike and Posner ( 1 992) agreed and stated that "Whi\c scientific  concepts may be human constructions, they arc predominantly social constructions into 
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which the young arc initiated" (p. 1 70). Driver et ,ii. ( I 91J4) also n:cognisc<l that students 
need to mutually construct understandings and Driver and Oldham ( 1 98<>) suggested 
that a supportive environment where ideas an: :.icccpted is  important. Caravita and 
1-lalldCn ( 1 994) felt that classroom environments do not a lien lcn<l themselves to 
situations where there arc shared discussion an<l goals, a supportivL: climatc and a 
recognition that the interactions with the teacher arc mutually constructed and not 
explanations or understandings that arc imposed. Student objectives often do not relate 
to teacher objectives with students being more interested in obtaining the information 
necessary to pass examinations than in developing scientific understandings, and, 
without the students' active engagement in learning, conceptual change is unlikely to 
occur (Pintrich et al., 1 993; Strike & Posner, 1 992 ; Vi l lani, 1 992). The students may 
also be more interested in achieving social goals rather than academic ones (Linn & 
Burbules, 1993; Pintrich et al., 1 993). Tasks set by the teacher need to be interesting to 
the students and motivate the students' desire for better understanding; need to relate to 
the students' goals; and should be meaningful and authentic, which is often difficult in 
the classroom situation (Pintrich et al., 1 993; Vil lani, 1 992). Pintrich et al . suggested 
that open-ended tasks are more likely to engage learners, but when time restrictions arc 
i n  place, students tend to look for immediate answers and spend less time thinking. 
Pintrich et al. also considered that assessment methods are often not conduci\'e to  the 
acquisition of conceptual understanding. 
Mental Models 
The understandings that learners bring to the classroom are socially reinforced 
and Solomon ( 1 987) used Schutz and Luckman's ( 1973) descriptor of ' l i fe world 
knowing' to emphasise that these understandings are those which are used in everyday 
conversations and situations. Conceptual change teaching strategies ,vcre expected to 
replace these understandings with a more scientific view. However, these 
understandings are essential for interaction in the community and scientific and 
everyday understandings need to be held side-by-side, with the user aware of when to 
use each type o f  understanding and the l imitations of each (Driver et al., 1 994; 
Solomon, 1993; Spada, 1 994; Tyson et al . ,  1 997). Villani ( 1992) considered that it 
would be nonnal for students to retain their original ideas while developing their new 
understandings, as the process o f  developing new scicnti fie understandings is Jong and 
requires many appropriate activities before they are accepted and used by the learner. 
However, students are likely to continue to use their spontaneous ideas in science 
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lessons unless specific problems an: set hy the teacher that indicalc otherwise. Villani 
considered that learners an.: unlikely to folly accept !he new sci1.:11tilic understamlings 
unti I their fruitfulness has hcc11 de11wnstrat1.:d in a number of ct>ntcxts. V11sniad1H1 
( 1 994) rcfrrrcd to multiple mental models and considered that di ffering contexts were 
likely to bring di ffering mental models into play. 
A variety of aspects interact to help produce conceptual change. The c lassroom 
needs to ha\'C a social constructivist focus, with the t1.:achcrs and students interacting in 
whole-class and small group discussions. This should provide the oppor1unitics for 
lcaming which will result in conceptual growth and conceptual change. 
\\'hole-Class Discussion 
Solomon ( 1989) felt that class-teacher interactions in the fom1 of discussions an<l 
brainstorn1ing provided opportunities for students to demonstrate their understandings 
and teachers to help the students move towards more scientific understandings. 
Unfortunately, class discussions appear to the students as situations requiring correct 
answers rather than their thoughts and ideas, and leachers, even when attempting to 
conduct an open, pup i l  led discussion, often constrain the direction and conlent of the 
discussion. \Vithin whole-class discussions different types of interactions occur; these 
are described below. 
Teacher Explanations or Monologues 
Lemke ( 1 990) considered teacher monologues arc used to provide infom1ation, 
give explanations, relate anecdotes or stories, gi\·e a long answer to  a student question or 
summarise a discussion. He also considered that, because of the emphasis on student 
participation, teachers now prefer to use dialogue with the students to dcYelop 
understandings rather than monologues. Ogborn, Kress, Martins and McGill ieuddy's 
( 1996) descriptors were similar to Lemkc's but they considered explanations could also 
involve teacher/student questioning and responses. When trying to develop explanations 
using input from the c lass, they suggested teachers need to use cues or leading questions 
to obtain the required answer. They considered that teachers use their knowkdgc of the 
class to decide how explanations would be presented, and use resources or 
demonstrations to assist in clarifying explanations; and analogies. metaphors and storic� 
to develop understandings. Ogborn et al. considered the teacher's pedagogic style 
innuences the amount of input students have and the number or questions which would 
be accepted, answered and incorporated into the discussion, with some teachers 
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directing their discussions so that tlu: only student input consists or responding to 
questions. They staled that leachers need to relate their explanations to real life and to 
understandings students have, hut also nee<l to develop seii.:ntilic understandings hy 
using scientific terms in context and encouraging student use of them, rephrasing as 
necessary to clari f)' meaning. I lowcvcr, i f  students <lo not Ii.illy understand thc rntion.1lc 
behind the tcnns. they may use thcm with little understanding. Teachers sometimes 
provide in !i.mnation about a topic when it is first introduced before the students have 
developed any understanding, indicating that students wi l l  learn \\' hat the terms mean 
and about the topic .  However, Berliner ( 1 987) stated that explanations need to relate the 
new infonnation to  that already knO\vn by the students. He also stated that teachers 
should avoid vague tem1s, be explicit, give examples where possible, and link the 
explanations together. Berliner and Rosenshine ( 1 977) emphasise the need for links 
between lessons to  relate the current information to that from past lessons, with Taskcr's 
( 1981)  study emphasising the need for teachers to make strong links between lessons. 
Discussions 
Discussions should allow more student input and less teacher input (Wilen, 
1 987) with Gage and Berliner ( 1992) suggesting they should be slower paced with 
higher order questions and that teachers needed to use appropriate lead-ins and 
questions. \Vi!en described a discussion as " . . .  an educative, reflective and structured 
group conversation with students" (p. 15) \vhi le G.it:e .ind B('r\iner considered 
discussions shoul d  allow teachers and students to share opinions and clarify issues. 
relate new knowledge to current knowledge, answer a question or solve a problem. They 
also stated that teachers should take a lesser role in discussions, acting as a facilitator, 
and should be less judgmental and dominant. Rowe ( 1987) considered that discussions 
provided opportunities for the development o f  understandings, skills, attitudes and 
values and shou ld  demonstrate reflectiveness, responsiveness, d iversity, clarity, 
evidence and consistency. Swi ft, Gooding and Swift ( 1 988) quoting from the Dictionary 
of  Education (Good, 1983 ), described guided discussions as: 
... a method o f  teaching by which students develop an understanding of the 
subject through discussion of pertinent points related to that subject; their 
discussion i s  generated and guided by the instructor who uses various types or 
questions to do this (p. 1 87). 
Many researchers consider that true discussions rarely occur in c lassrooms 
(Doyle & Carter, 1 987; Gage & Berliner, 1992; Swi� et al., 1 98S; Wilen. 1 987) with 
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SwiH et al. stating that thc discussion i s  usually a lecture, <lrill or inquisition, with teachers dominating thc talk an<l asking Jow-k:vc..:l questions, and both Gag<.: and Berlim:r and Swill et al. arguing that they arc o fh:n n.:citations. Lemke ( J IJ90) considered that, within scii.!nce lessons, true discussions or discussions when.: students resrond to othi;;r students' comments rarely occurred. Within discussions, Gage and Berliner ( l 992) and Wilen ( I C)87) considen.:d that questioning by the teacher could inhibit discussion whereas statements encouraged it. Swifl et al. ( 1 988) quoted Rmve 's ( 1978) suggestion that neutral comments encouraged further discussion but approval o r  disapproval inhibited i t  and, although they partially agreed, they felt that neutral remarks could be either bland or encouraging. Berliner ( 1 987) and Doy;c and Carter ( 1987) found that teachers sometimes kept the discussion going by calling on high-ability students and by ignoring lower-ability students, or accepting incorrect answers. They also stated that student involvement was often low with high off-task behaviour occurring, possibly because of  long student answers. Berliner ( 1987) found that students who participated in class discussions showed greater achievement than those who did not participate. Recitations m.1d Revie"'S Reviews are often held at the beginning of  lessons to check students' memories of the previous lesson and often consis t  of question and answer sessions with the questions frequ�ntly being low-level recall. These types o f  interaction are often used to check and reinforce students' understanding by going over previously taught material (Gage & Berliner, 1992; Swift et al. 1 988) and only use high level questions infrequently (Swift et al .  1988). Recitations are the most predominant fom1 of oral discourse in classrooms which are used to introduce new material and arc an effective way for students to acquire factual infonnation (Wilen, 1 987). They consist of the teacher briefly presenting the topic and then interacting with the students, usually by questioning, with the interactions generally being short. The student response is then evaluated by the teacher and may provide the basis for further questions (Gage & Berliner, 1992). However, they can also be used to maintain teacher control of the lesson and interactions (Carlsen, I 991 a; Wilen, 1 987). Recitations need to be varied in pace and level and are more effective when mixed with lecture or presentation sessions (Gage & Berliner, 1992). They should focus on key concepts and include questions that stimulate students' thinking. Roby ( 1988) discusses 'quasi discussions' which would seem to be similar to recitations, where the teacher questions the students but also 
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incorporates some lcclUring. He considered that till! qll(.:stions are olh.:n answered hy a sekct group of  students and the format docs not allow students ti,rn.: to n.: flcct on tht: answers. 
Questioning Questioning in classrooms is a topic about which much has bl!cn wrilll!n with many studies slating that thi: number oftcachcr questions in a classroom is very high (Berliner, 1 987; Carlsen, 1991 a; Gage & Berliner, 1 992; Shuy, 1 988; Wilen, 1 987) although very few questions arc asked by students (Berliner, 1 987). Berliner reported that about 1 50 questions per hour may be asked by a teacher in primary science lessons, and referred to studies which indicated there was a moderate positive effect on achievement related to the frequency of questions. Carlsen citing Lcmkc's ( 1 982) report stated that the frequency of questions was not consistent throughout lessons with some situations including many questions and others less. Gall and Rhody ( 1987) reported that research had shown that questioning i s  an effective supplement to teaching \Vith some studies indicating that oral questioning is better than \Vritten. Levels There is a general recognition that types of questions vary and they may range from low level recall questions to higher level questions which encourage thought and reflection from the student. Questions arc often categorised using 8100111 's taxonomy, a h ierarchical categorisation ranging from Knowledge to Evaluation. Cunningham ( 1987) distinguished between factual recall questions and conceptualisation-level questions. Factual recall questions require the students to remember specific information and rely o n  rote memory. Conceptualisation-level questions may be convergent or divergent. Convergent questions are more demanding than factual recall but arc closed and narrow because little diversity is  expected in responses. Low convergent questions require students to put facts together and construct a response, with high convergent questions encouraging students to reason, look for evidence to support an ans,ver, give rcaso:1s, or draw conclusions. D ivergent questions require more variety of responses and the respondees may produce imaginative or unique answers; low divergent questions ask students to think of alternative ways to tackle a problem and high divergent questions encourage creative and high level thinking. Evaluative questions may be in any o f  the above categories. Farrar ( 1988) considered that questions arc not always able to be described as high or low level but may be both, and that one high level question may also be addressed by using a series of lower level questions. Gage and Berliner ( 1 992) 
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stated that 4uestions an: only at a higher cognitive IL:vd if students have not experienn:d 
the question ht.:forc, and. i f  the topic has hcen coven.:d, the qm.:stion is a recall question. 
Cazden ( J lJ1'(1) refers to a SILH..ly hy Barncs, Britton and Roscn ( ! c)(,'J) which n;fcrrcd lo 
peudo-open questions and cites an cxampk wltcre a tcac.:hcr askcd a question wonlcd as 
an open question hut actually required one spccific answer. 
Openness 
There arc usually for more lower level qucstions asked in the classroom than 
higher level with Shuy ( 1988) considering that it is possible for teachers to conduct 
lessons without asking any open-ended questions. Most studies have shown that about 
80% of classroom questions arc lower level questions (Cunningham, 1 987; Gage & 
Berliner, 1992). Studies examining the effect of higher order questions on student 
learning have shown ambivalent results with various hypotheses put for\vard to account 
for this. Gage and Berliner considered that the ambivalence in results may be related to 
the year level of the students as i t  appears that lower level questions were more 
important i n  the lower primary and higher level questions in the senior years. Gall and 
Rhody ( 1 987) considered that the ambivalence might be because the researchers have 
differing definitions of higher order questions; the American school curriculum has 
predominantly lower cognitive objectives; and the types of students in the studies would 
have an effecl on the results as greater cognitive demands arc placed on students when 
higher-order questions are asked. Carlsen ( 1991  a) reported on three reviews of almost 
the same set of studies, two of which concluded that there was no relationship between 
high cognitive level questions on achievement ,md one which considered there was. He 
offered three possible explanations for this ambivalence: because of the weak effect of 
types of questioning the results may be methodology dependent, although this seemed 
doubtful; higher level questions may only have an effect when several other criteria arc 
present; or there may be confusion about whether a question was high or low level 
because of lack of contextual information. Wilen ( 1 987) quoted studies which suggested 
that the teachers' and students' thinking was not congruent and that they both needed to 
be trained to use and respond to higher order questions. He found research was 
inconclusive as to whether higher order questioning led to higher gains in achievement. 
but considered that the higher level questions in the higher grades seemed to relate to 
higher achievement. However, Samson, Strykowski, Weinstein and Walberg 's ( 1 987) 
quantitative synthesis indicated that any relationship between higher cognitive level 
questions and achievement still remained to be demonstrated. 
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Crilcria for ,1ualily <1ucstions 
Many sludii:s discuss thi: criteria for quality questions. They should be dear 
tGagi: t.\: Berliner, 1992; Gall & Rhody, 1987; Tobin & Capic, ! IJ82; Wilen, l 1J87); 
relevant and puq1oseful (Gage & lkrlim:r, I 'J92; Tobin & Capic, I tJ82); hrief((jage & 
Berliner, 1 992); wdl scquenci:d (Gage & Berliner, I 91)2); an<l at a variety of' cognitive 
lcvds {Tobin & Capie, 1 982; Wilc:n, 1 987). Cunningham ( 1 987) suggested that some 
questions need to be planned before the lesson to ensure appropriate higher level 
questions arc asked. Lemke ( 1990) considered that teacher questions arc often prccc<lc<l 
by teacher preparation for the question, such as explanations and demonstrations. 
Cazden ( 1 986) refers to similar \'crbal activities as prefomrnlating. Students should be 
encouraged to respond rather than avoid questions (Wilen, 1 987) but it is suggested that 
teachers avoid telling the students to 'think' when no immediate response is 
forthcoming or using compliance sutements (Gage & Berliner, 1992; Rowe 1 987). 
Gage and Berliner and Wilen considered that teachers should share the questions 
between all the students and request responses from volunteering and non-volunteering 
students. Gage and Berliner also stated thal several responses should be obtained with 
Ogborn et al. ( 1 996) stating that teachers needed to allow students to put Lrward their 
ideas and compare them with those of other students, then direct the students towards 
the correct idea. Teachers should build on the students responses (Gage & Berliner. 
1 992) but, when developing understimdings from student input, the teacher must have a 
sound knowledge of the topic in order to address all the areas the students are likely to 
invoke (Ogborn et al., 1 996). Teachers also need to be able to lead the discussion, 
stimulate further contributions and ensure that it is clear whether the students' ideas are 
being accepted, clarified or modified, or incorporated into the final understanding 
(Ogborn et al., 1996). Gage and Berliner also indicate some types of questions are not 
appropriate, citing questions with yes/no answers, leading questions and guessing 
que�tions. Wilen ( 1987) considered that praise should be used discriminately with Gall 
and Rhody stating it should be positive and constructive. 
\Vait-time 
The concept of wait-time has also been extensively investigated with most 
studies indicating that a longer wait-time enhanced students' responses both in quaFty 
and length and improved students' confidence (Berliner, 1 987; Gage & Berliner, 1992; 
Rowe, 1 987; Wibn, 1 987). Gage 1.md Berliner considered that longer wait-time is 
particularly relevant when higher order questions arc being asked. Carlsen ( 1991  a) 
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reported on studies showing the positive i.:ffr:t.:ts of wait-time hut also lt:lt that thi.: long pauses may inhibit tht.: !low of the discussion. I Ii.: also casts some douhl on tht: rciationship of  wait time to higher achicvemi.:nl as hi.: ldt there may he otht:r n.:asons for this, although other studies have indicah:d that there was an improvement ( Rci\Vt:, I 1JX7; Wilen 1 987). Rowe also stated that incn:asing wait time had a rositivc dTcct on te,1chcr questioning. Student understandings of <1ucstions Although the teacher's intent with srccitic questions is usually obvious. Lemkc ( 1 982) stated that questions mean different things to dif erent groups in the class depending on what attention they arc paying at the time. One group may be ans\\'cring the question, one taking it as a reminder to get back on task and one group not hearing the question. 
The Relationship beh\·een \Vhole-Class Discussions and Conceptual Change 
Learning Whole-class discussions arc an important part of conceptual change teaching with the teacher needing to allow the students freedom to suggest answers which may not be scientifically correct. A range of views needs to be elicited so that altemati\'c explanations can be compared and evaluated. This requires competence in managing discussions on the part of the teacher and an ability to folio\\' the students· i<lcas and give them recognition. Conceptual change teaching requires teachers to use their qucsl!ons to help develop understanding. They need to ask questions which require the students to explain concepts, which will help the teacher understand the students' thinking. This should then be followed by questions which encourage the students to " . . .  clarify and complete their explanations; compare alternative explanations; contrast specific aspects of the naive and scientific explanations; construct a scientific explanation in their own words:· (Anderson & Smith, 1 987, pp. 98 - 99). 
Group \Vork 
Noreen Webb ( 1 985) considered that, allhough students often have limited group work skills, it is often used in schools and is often used in science because of the need to share equipment (Solomon, 1 989; White, 1996). However, Kempa and Ayoh ( 1991 ). referring to the Plowden Report ( I 976) suggested that group work is also essential to allow teachers more time to interact with the students. They also quoted \Vashton 
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( 1 967) who statcJ that stuJcnts rn:ed to work in groups to allow tlwrn 111  learn to work with others and collahoratc in sol\'ing problems. ( ·onceptual change teaching slrall:git.:s require the studt:nls to develop umkrstandings through discussion \Vith tht.:ir tt.:acher and their peers, which pro\·i<les opportunities fi:ir them to explain and just i f)' tht.:ir idt.:as. Group work provides situations where social construction of understandings may takt.: pl,1ce ,md sca!Tol<ling of <lewloping unJcrstandings may occur. 
Types of Group \\'ork There arc many types of group work including cooperative learning where a task is divided into parts with individual group members taking responsibility for these parts; collaborative learning where two or more students work together to complete a task; and tutored learning where a student takes the role of tutor (Linn & Burbules. 1 993). Of these, collaborative group work is most commonly used in science. This method docs not usually assign group members specific responsibilities and there is little competition between groups (Webb, N., 1985). The intention in collaborative group work is for the students to work together to complete tasks that have been explained by the teacher and they are expected to interact together to solve any difficulties, asking for and offering help within the group (Kempa & Ayob, 1 99 1 ;  Tao & Gunstone, 1 997; Webb, N., 1 985). Kempa and Ayob describe group work as "any collaborative activity im·olving two or more pupils that may take place in the course of a lesson and is directly supcr,iscd or controlled by the teacher" (p. 342). Linn and Burbulcs consider that group learning should involve two or more students working together to solve a problem and communicate in a way which would " . . .  jointly negotiate understanding. plan complex tasks, explain things to each other, direct activities, contribute ideas, and coordinate actions with one another" (p. 92). 
Effects of Group Composition Tao and Gunstone ( 1 997) considered that students should start at the same level of competence but many studies (eg. Webb, N., 1 985) have worked with groups of students at varying levels of ability. The differing levels of ability of students in a group have an effect en the giving and receiving of help and explanations. The less able students are Jess likely to offer help or explanations, whilst those in the group who arc comparatively more able, regardless of whether that ability is high or not, are more likely to, with the most able in the group offering the most explanations (Webb, N., 1 982, 1985). Extroverted students arc more likely than introverted students to succeed in obtaining answers to their questions (VVebb, N., 1 985) although Kempa and Ayob 
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( \ 995) also found that extroverted students engaged in more off-task interactions and suggested that they may he kss likely to pay full attention to other students' conlnhutions. Off-task behaviour may also he exhibited by students with a low academic :,;cJf -1..:oncept in situation:,; when they need to manage their own time anti ,1ctivitics (Anderson, 1984 ). Lower ability students or students who were less able to think scicntificall.) in group work tended to follow the judgements of the more able students (Richmond & Striky, 1996; Webb, N., 1 982). Richmond and Strilcy also found that students who had experienced less success in the activities were less likely to be listened to and were more likely to change their view to agree with others. Student gender may affect the questions asked and the explanations received. In an above-average class, boys tend to ask questions that require specific information, whereas girls tend to ask general questions which are unlikely to generate information !hat will assist learning (Webb, N., 1 985). This was not found to occur in bclmv average classes. Richmond and Striley ( 1 996) found that a student's academic ability and status within the school were factors that affected the acceptance of their ideas by others and suggested that the students who found i t  difficult to put their understandings into words would find it hard to convince other students that their ideas were worth consideration. Unfortunately, any explanation offered by students with high social status is often accepted uncritically by their peers (Linn & Burbules, 1 993; Solomon. 1 989). Ho\\"ever. Roychoudhury and Roth ( 1 996) found that any group member's ideas, regardless of whether they were high status members or not, would only be accepted i f  they were supported by at least one other student. Gender may also affect the work done by group members. Many studies have shown that boys tend to dominate use of  the science equipment in group work (Kahle & Lakes, 1 983; Whyte, 1 984) and girls may be disadvantaged because they do not ha\"e access to the equipment and they may be given the task of recording rather than physically using the equipment. If they do have access to the equipment they may find the task too di fficult, become frustrated and move on the written work that is required (Tasker 1 992). Time on Task Studies indicate that generally the amount of lcaming that occurs is related to the amount of time on task (Bennett, 1 987; Myers, 1 990; Ross, 1984; Walberg, 1 988) with Bennett also stating that the relationship is not consistent. Walberg also considered that 22 
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time-on-task is only one factor that affects h:arning with others, such as .iptitudc, 
teaching and the ;.1ppropriatcncss of the task level, also playing a role. Bennett stated that 
"Time is a necessary, hut not sufficient condition for learning" (p. 72) am! then 
discussed the lack of research 011 the quality of the teaching and learning that might 
occur within the allocated time. Myers ( I 990) rcvicwi ng Roscnshim: and lkrlim:r's 
( 1 975) research, stated that they found that ensuring that stuth.:nts stayed 01Hask during 
a lesson should be a "primary objective of the teacher" (p. ! ()). Bennett considered that 
the teachers should cn<.;urc the students arc atlcntivc and arc using the time effectively 
with Myers considering that teachers' classroom management skills should he such that 
they improve time-on-task. 
Off-task behaviour can be a problem with group work as it was found that 
students tended not to be as involved in work when a teacher was not present, although 
i t  improved \Vith the presence of  the teacher (Anderson, 1984; Berliner & Rosenshine, 
1 977; Croll & Moses, 1988). In studies where the groups were not in a nonnal 
classroom setting there was only a limited amount of off-task behaviour and this was 
non-significantly related to achievement. However, the off-task behaviour in nonnal 
classroom settings was higher and there were significant negative relationships between 
off-task behaviour and achievement (Webb, N., 1982). Kempa and Ayob ( 1 99 1 )  
commented on studies by Boydell ( 1975) and Gallon, Simon and Croll ( 1 980) which 
showed that the group talk was frequently unrelated to the task, although in their O\\·Jl 
studies, students' on-task behaviour was generally good. However, the stuJies were 
conducted in a Malaysian school where discipline is emphasised and the students \\"L:re 
aware that their group work was being observed for the study. Rennie ( 1 990) considered 
that excess time for which work had not been organised \\'..JS used for off-task 
behaviours. She also considered that the seating arrangements affected the attention 
students paid during whole-class discussions as, when they were seated in  groups 
around tables, the students were less likely to tum and face the teacher. Roychoudhury 
and Roth's ( 1996) study showed little off-task behaviour which they concluded was 
because of the students' ownership of the investigations. 
Roles of Participants 
Students 
Some science curriculum materials (Australian Academy of Science, I 994) 
assign roles to the group members. Where roles arc not assigned by curriculum 
materials or by the teachers, group members still take them on. Richmond and Striley 
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( 1 996) d,.;lined the rnk·s that i:nu.:rgcd III the groups 111 IIH:1r study, as leaders, hL'!pt:rs, 
and 11011-conlnhutors who wer1.: either act1VL° or pasSl\'e. TIIL:y liiund th.11 le:ukrs!11p 
styles \\'L'rL' wry d i lkrent with indusi\"e kaders trying lo •::1stlrl.° everyone\, ideas \Vere 
considcrL'd; pcrsuasin: kadi.:rs trying lo pcrsu:•�k group members Iha! their persona! 
idt.:"as were the best; and alii.:nating leaders ti.:nding to hold strong beliefs and n.:fusmg to 
listen to input from other group 1m:mhers. These leadership styles affected any 
discussions that took rlace. Groups wnh 1m:Jus1n: le:.H..lcrs tended to engagi.: m more 
discussion of all aspects of in\'estigatinns when:as thi.: alienatmg leaders imposed their 
understandings on their group. Because the discussion was more limited in tht.: groups 
with persuasive leaders, the less able members ortcn only gained limited umkrstan<lings 
and were constantly requesting more information. The strategics were not cxc\us1\·c to 
the leaders with other group members also using similar tactics when trying to 'sell' 
their ideas. The helpers in the groups were those who cooperated with the leaders and 
other group members and were able to assist with planning and doing the acti•:itics. The 
active non-contributors tended to be off-task but were aware of the activities. vftcn 
denigrating ideas (Barnes & Todd, 1 977; Richmond & Strilcy. 1 996). The passiYe non­
contributors rarely participated and often copied other students· work (Richmond & 
Striley, 1996). Noreen Webb ( 1982) only referred to one short-tc1111 study thal examined 
passive behaviour in a group which concluded that passiYC hch;n·iour \\·as not conduci,·c 
to learning. Brown and Palinscar ( 1989) also recognised group roks which mcludcd the 
executive or doer who plans and designs; the instructor or cducalnr \\ ho l'xp\ains and 
summarises for the less invol\'ecl group members: the sceptic or critic ,, !1u qu..:stions: 
the record keeper; and the conciliator who helps rcsol\"e any conflicts. They ('(.'llsidered 
that these group roles were spontaneously taken on by the group members. and may 
move among them. 
Teachers 
Teachers are expected to monitor the groups to ensure that they arc on task and 
working together (Anderson, 1 984), but they arc also available to answer questions and 
facilitate the development of understanding (Driver, 1 989; Webb, N., 19S5).  Teachers 
need to question the students to promote rencction and mctacognition by them and to 
encourage them to use observations and other data to support their assertions (Ori Yer et 
al. 1 994). Barnes and Todd ( 1 977) suggested that the teacher's role i s  to help the 
students clarify their thinking; to help redirect their thoughts; to encourage the students 
to be more self-critical; to help manage the activity; and to offer extra info1111ation when 
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necessary. They o.1lso statc<l that teach:.:rs ncc<l to listen carefully lo th1.: students and 
ensure that the comments and responses that they make arc non-judgcmental. Roth 
( l  995) stated that, in the open-ended l.iboratory activities in his study, the teacher's role 
was that of an o.1dviscr and facilitator who helped .scaffold the students' learning hy 
asking questions that led to bctl<:r understandings, and who assisted with choice and usl! 
of equipment. Roychoudhcry and Roth ( J 99(1) felt that it was important for h!achcrs to 
manage their time carefully to cnsme that they have time to .issist with < l irficultics but 
also to make sure that all the group.:; were visited. 
Group Size and Participation 
Barnes and Todd ( 1 977) fel t  that the maximum size for an effective, functional 
group was four and found that larger groups resulted in non-participants. Kempa and 
A yob ( 1 99 1 )  found that, although participation in smaller groups was evenly balanced, 
in groups of four students this was less likely to be so. They fo1..nd that interactions 
often only involved pairs of students and only a l imited percentage of interactions 
included the whole group. They were aware of non-participants and suggested that it 
was possible that the non-participant may be listening and learning from the 
conversation but, alternatively, may not be attending to the discussions. Kempa and 
A yob later ( 1995) analysed the learning that occurred and related this to the interactions 
within the group. They found that students gave infon11ation on tests that had been 
provided by other students in the group discussion. but they also sometimes included 
infonnation that was not from the group d iscussion, indicating that some of their own 
ideas were not shared with the group. 
Interactions in Groups 
Few studies were found which discussed the types of interactions found i n  group 
work. However, Solomon ( 1991)  referred to a study by Wallace ( 1 986), which 
suggested six types of interaction: negotiating the organisation of the task; solving 
social problems, giving help or tutoring; social non-task talk; negotiating knowledge; 
and constructing meaning. 
Roychoudhury and Roth ( 1 996) looked at patterns or interactions in groups and 
separated them between symmetric interactions where members of a group took roughly 
equal turns; a3ymmetric, where tum-taking among the students was l imited; and shifting 
asymmetric where an individual student dominated the interactions for a period of time 
then another student would be dominant, with students, again, having reasonably even 
turns. 
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The relative abilities of students may affect the i nkraetions within the groups. 
Homogeneous medium-ability groups and heterogeneous groups gave more frcqucnt 
explanations than either homogeneous high-ability groups or homogcncous low ability 
groups. This appcan:d to be because the high-ability groups seemed to put less effort 
into the tasks because they fell they had suflicicnt knowledge, and the low-ability 
groups did not have the skills or knowledge to cffectiwly gcnt:rale explanations (Webb, 
N., 1985). 
Gender may also have an effect on the interactions in groups. Jn a study where 
the gender balance in the group was manipulated, it was found that if there were more 
girls than boys in a group the girls tended to ask the boy for help rather than another 
girl, with the boy often not responding. Where there were more boys than girls, the boys 
tended to ignore the girls· questions. The girls in both these types of groups learned less 
than those in a group with an even number of boys and girls (Webb, N., 1 985). 
Stereotyping also sometimes occurred in groups with boys assuming girls lacked 
knowledge about science (Linn & Burbules. 1993 ). Barnes and Todd ( 1 977) felt that 
single gender groups were better for adolescents, as polarisation tended to occur in 
mixed groups. 
Learning in Groups 
Skills for learning 
Students, particularly if they feel they have limited time to complete the task, 
may accept the first idea that is offered (Linn & Burbules, 1 993; Pintrich et a!., 1 993) 
and will often use the idea of a group member with high social stntus. regardless of  
where that status i s  earned (Linn & Burbu\cs, 1 993). Unless the appropriate reflection, 
evaluation and integration skills are taught and practised in the classroom, it is unlikely 
that students wil l  use them and many students do not have the skills for effective 
interactions in group situations (Linn & Burbules, 1993 ). 
Verbal interactions and learning 
Some studies have shown that peer tutoring or helping within a group may 
increase learning, however other studies have produced ambivalent results (Webb, N .. 
1982, 1 985). Noreen Webb ( 1 982) argued that it is important to differentiate between 
the types of help given. Tcnninal help only supplies or co1Teets the answer and docs not 
provide any background infonnation or explanations. This type of  help docs not 
increase the learning of either helper or recipient. However, explanatory help, which 
describes how to reach an answer, helps the learning of both the explainer and the 
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recipient with Noreen Wchh ( 1982, 1 985) suggesting that thl! proc<.:ss may hdp the 
cxpluiner reorganise and re-evaluate his/her own ideas. J lowl!ver, as the studrnts who 
offer explanations arc also the students who understand what is happening, they would 
be expected to demonstrate more learning ( Brown & Palinscar, I rnN; Kempa & Ayoh. 
1995). Noreen Webb ( 1982) also suggested that help is only effective ifit is givcn 111  
response to need, that is, when it is requeste<l. Kempa and Ayah ( l 99 1 )  found that mo�t 
of the group interactions in their study consisted of descriptive talk with a very limited 
amount of explanatory and insightful interactions. They considered that this and the 
results from other studies indicate that students find it hard to engage in higher level 
cognitive discussion. 
Although some studies indicated a relationship between vc:rbalising information 
and improved learning when working on a task, others did not (Webb, N., 1982). An 
analysis of results indicated that it is possible that the purpose of the vocalising is more 
important than the actual vocalising. It was found that students who responded to 
questions by an experimenter perfonned less well than those who verbalised to teach or 
help others (Webb, N., 1982). Roychoudhury and Roth ( 1996) found no relationship 
between the amount of interactions and the individual's learning. 
Effects of social factors on learning 
Linn and Burbules ( 1993) suggested that groups often did not collaborate 
productively because maintaining the social ambience of the gronp was more important 
than questioning others' ideas and students may choose to accept understandings that 
help to maintain group norms and social cohesion (Barnes & Todd, 1 977; Linn & 
Burbules, 1993). Students may misinterpret the results of science investigations and 
draw on everyday knowledge rather than trying to understand what is happening (Linn 
& Burbules, 1 993). 
The Relationship between Group Work and Conceptual Change Learning 
Collaborative working allows cognitive benefits such as articulation, conflict, 
justification and co-const.ruction (Brown & Palinscar, 1989; Tao & Gunstone. 1997) and 
feedback and que�tions from other group members about concepts and resources may 
help students to rc�organise their ideas and learn new material (Webb, N., 1982). I n  
group work, students co-construct under.standings and build on each others' ideas 
resulting in a Vygotskian social lcamiug environment (Tao & Gunstonc, 1997) with the 
collaborative environment offering students scaffolding in the Vygotskian sense because 
the knowledge and information owned by the group members (Brown & Palinscar, 
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1 989; Roychou<lhury & Roth, 19()(1) is available to the group ( Linn & Hurbuks. l 1NJ). 
Hmn.:\'cr, the students as a group may still use that information to co-conslrucl non­
scicnt i lie understandings (Linn & Burhu Jes, I 1J9J; Solomon, I 1)87, I 1J8'J ). 
Roychoudhury and Roth ( 19()(1) felt that, before hci ng able to collahorntc to c<instruc\ 
understandings, students needed a cl!rtain lcvcl of shared understand ing, a v1c\1,· 
Slipportcd hy Brown and Palinscar ( I ()89). \Vhilst engaged in thl! acti vitics and 
dcYcloping shared understandings, students also need to reflect on an<l activdy process 
the ideas to reconstruct them to make their own personal sense of the new ideas (Tao & 
Gunstonc, 1997; Wittrock. 1974), and rehearsal of ideas in the form of discussions and 
conflict within groups may assist this (Webb, N., 1 982). When connict arises in 
collaboratiw learning situations, s tudents arc often required to  provide data to justify 
their arguments and reflect on their ideas (Brown & Palinscar. 1989; Roychoudhury & 
Roth. 1996; Tao & Gunstone. 1997). As students' ide�s arc discussed, the questioning 
and criticism may lead to  uncertainty and the ensuing dissatisfaction with the ideas may 
lead the sturlents to make mental adjustments and cognitive changes (Brown & 
Palinscar, 1989). B rown and Palinscar also considered that students need to ha\·e similar 
social status or a r.10re dominant member may prc\·ai! without the weaker member 
recognising the alternatives, and the ideas being offered must be plausihk and 
understandable to the students. 
Conceptual change teaching strategics include group work ;.1.s this offers students 
an opportunity to discuss and develop understandings. It allows students to use 
metacognitive processes as they try to explain and justify their undcrstaiiJings to other 
group members and allows them t o  scaffold each others' lcaming and discuss the ideas 
that are offered. It gives the teacher an opportunity to interact with the students in a 
small group situation, recognising misunderstandings and faci l itating the development 
o f  scientific ideas. 
Language 
Oral language plays an important part in learning (Bames, 1 976; Hayes, Stahl & 
Simpson, 1 99 1 ;  Thomson, 1978; Wells, 198 1 ), in communicating and assessing 
knowledge (Ausubcl, 1968; Wells,  198 1 )  and allows students to generate new ideas and 
develop abstract understandings (Ausubel, 1968). Language a l lows students to  rcvic\\" 
and manage their thought processes whilst developing an understanding of the world 
around them (Barnes, 1 976; Bruner, 1971;  Thomson, 1 978) and is the means by which 
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infonm1tion presented to a person is re-interpreted by the listener (Bruner, J IJX5; 
Vygotsky. 1 98Ci}. I .earners necd to usr.: spr.:ech and writing Ill order lo develop mt:aning. 
recognise their current understandings and assimilate new knowk:dgc, (Barncs, 1 cn<i; 
Thomson. 1 978} and in science. languagc providcs scicntilic v.:ar of discussing tht: 
topic (Lcmkt:, 1 91)0). Oral language is tht: most t:!Tt:cllve way for understandings lo hl: 
manipulated and thoughts considered critically (Hayes et al., I CJ!) \ ). Com:cptual change 
teaching strategics include group and who Jc-class discussions which r�quirc careful 
management of ,·crbal interactions. 
\\'ord !\leanings in Science Lessons 
Research findings strongly suggest that primary teachers. as well as students. 
may ha,·e non-scientific me,mings for words used in  science lessons. Bell ( 1 98 1 )  found 
that word meanings held by teachers and students for concepts such as ·animal' arc 
sometimes limited to criteria appropriate for mammals. Words such as 'work' ( Barnes 
& Todd, 1 977, Osborne, Bell & Gilbert, 1 983). ' force·. 'power' and 'friction· (Osborne 
et al.. 1983) may be defined in tem1s of e,·eryday. rather than scienti fie exp!:inations. 
Sutton ( 1 980) suggested that the necessity for precision of meaning in science is not 
appreciated by children as '" .. . for the child particularly the meaning of a \\'Ord is not its 
definition. It is better thought of as the s11111 of all its co1111cctio11s to or her rhings he 
knows" (p. 5 1 .  original emphasis). This view is shared by \'ygotsky ( l lJS(i ) and 
Solomon ( 1987). Viega. Costa Periera and Maskell ( 1 989) considered 1ha1 a teacher's 
use of words with everyday meanings in science lessons resulted !n students 1111crprcting 
the i nformation from a non-scientific perspective. There is a range of meanings for 
words that members of the classroom may have and they need to be addressed in ways 
other than just explaining the scicnti fie meaning (Tasker, 1992 ). 
Understanding Interactions in the Classroom 
Student difficulty in  understanding may extend further with students sometimes 
constructing little meaning from the teacher's language, particularly if the information 
does not relate to any understandings that they hold. However, they are often able to 
rote learn the words and use them in discussions (Bell & Frcybcrg, 1985; Lemke, 1 990; 
Thomson, 1978; Vygotsky, 1986) and Parker ( 1992), described their use of scientific 
tem1inology as "expert" (p. 30) and suggested that i t  could hide their lack of 
understanding or science. Teachers often consider that science language use 
demonstrates understanding but arc unaware that l i ttle unJcrstanding i s  present (Bell & 
Frcyberg, 1985) and teachers tend to pay limited attention to  the way students talk ahout 
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a topi c  (Lemke. 1990). Students' attempts to commLmicatc using their own language arc 
ot1en not valued by the teacher (Bell & Frcyhcrg, 1 985; Lcmkc, 1 990) although they arc 
important as they reveal the students' understandings (Barnes, 1 97(); Thomf:;Oll, 1 978; 
Wells, 198 1 ,  1 989). Lemke ( I lJ90) argued that students need practice in using science 
language am! should he able to reword their understandings to fit dif
f
ering situations 
with \Velis ( 1 98 I )  suggesting this practice could be achieved by stu<lents explaining 
their ideas to others. 
Everything that is said in the classroom may be misconstrued by the listener, 
whether it be the teacher or a student (Lemke, 1 990). Be!\ and Frcybcrg ( 1 985) 
considered there \vcrc three types of language misunderstanding that may occur in 
science classrooms. First, unidentified mismatches occur when teachers and students arc 
unaware that their meanings for words differ. Second, identified mismatches occur 
when students are aware o f  the science meaning but continue to use their own meanings. 
The third problem occurs when the meaning of words change from the everyday context 
to the science context, eg. "make!! in the context "plants can make their own food using 
the sun's energy" (p. 36). 
Language Links 
Constructivist perspectives of learning require the learner to make l inks between 
new infonnation and existing knowledge but it is possible that. because of the students' 
personal interpretations o f  words used, the links made by each student might be 
different and they would therefore construct different understandings ( Lemke, 1990; 
Sutton, 1 980). The strength of students' current understandings may affect the amount 
of attention they pay to the teacher's explanations as they may not attend to infomiation 
that is alien to their point of view (Strike & Posner, 1 992; Sutton, 1 992). 
The Relationship between Language and Conceptual Change Learning 
All classroom activities rely on communication, and, to develop appropriate 
understandings, students need to be able to intcll)ret what is said Juring the lesson and 
mak� appropriate l inks to other knowledge. The words used in science ofkn have 
counterparts in everyday language with different meanings and this may result in 
students using the language in a non-scienti fie way and making non-scicnti tic links. 
Students often find teacher language in science hard to inte1vret but arc able to learn the 
word:; and use them, albeit without understanding. The emphasis on discussion in 
conceptual change teaching strategics and the problems studems and teachers may have 
30 
with science language indicate that, to achieve change, the use of language und monitoring of student understanding ncet.ls lo be carefully managct.l . 
Teacher Knowledge 
Teachers have a wide and varying range or  un<lerstan<lings o f  science concepts and these may affect the learning that takes place <luring sc ience lessons and the types or questions used in assessing student understanding. Although it seems reasonahlc that a lack of knowledge may have an adverse effect on student learning, i t  is also possible that teachers with good conceptual knowledge may inadvertently inhibit learning. 
Teacher Understandings Teachers' understandings may range from being similar to those of scientists to being similar to the understandings of their students. Gilbert, Osborne and Fensham, ( 1 982) referred to the differing views of science as "teachers' science", "children's science" and "scientists' science" (pp. 624, 627, 628). These understandings arc likely to interact with the curriculum materials being used, either making them closer to a scientist's view or c loser to a child's view, and the teaching that then occurs may not be that intended by the curriculum planners (Arditzoglou & Crawley, 1 990; Gilbert et al, 1 982; Smith & Neale, 1989). Many studies have sbown that teachers' understanding of science content is o ften scientifically incorrect and close to that of  their students (eg. Arditzoglou & Crawley, 1 990; Bell, 198 l ;  Smith & Neale, 1989). Hashwch ( 1 987 J found that secondary teachers teaching outside their area o f  expertise  had sirni Jar misunderstandings to those commonly held by students and were unable to recognise the misunderstandings that students held. They also found that some teachers also held misunderstandings within their area of expertise. Wilson, Schulman and Richert ( 1987) considered that teachers need to not only have a good understanding of the content being taught, but also need to have enough understanding of both the content and their students to be able to facilitate learning. They need to recognise that different students will need to have the infom1ation presented in di fferent ways and that students have differing existing knowledge when they come to  the lessons. Primary school teachers often lack content knowledge in science (cg. Ginns & Watters, 1995; Kruger & Summers, 1988) and teachers have been found to not only have unscicnti fie understandings of electric circuits and current flow, but t o  apply these inconsistently and 
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sometimes to adjust them depending on the context (1-h:llcr & Finley, 1 992; Wehh, P., 
1 992). 
The Effects of Limited Teacher Knowledge on Teaching and Learning 
Lack of knowledge may not only result in students learning incorrect facts and 
concepts (Gilbert et al., 1 982) or teachers reinforcing students' misunderstandings, 
(Hashwch, 1985) but may also change the teacher's style of teaching to inhibit 
interaction and learning (Carlsen, J 992; Dobey & Schafer, 1 984; Sanders, Borko & 
Lockard; 1993). Studies conducted in secondary schools with novice teachers indicated 
that they tended to postpone starting the content section of the lesson, were more 
inclined to be diverted by irrelevancies and dominated classroom talk, allowing students 
less time to discuss, comment and question. They were unwilling to diverge from the 
main topic to related topics. Students' responses to questions were less likely to be 
evaluated firmly, texts were followed closely and teaching tended to be slO\ver and more 
fragmented (Carlsen, 1 992, 1 993; Tobin, Rennie & Fraser, 1 990). Berliner and 
Rosenshine (1977) stated that younger students find it hard to learn when lessons arc 
disjointed. Many of these findings, together with others such as difficulties presenting 
explanations and emphasis on seatwork, were also reported in another secondary school 
study of expert teachers teaching outside their area of expertise by Sanders et al. They 
commented that " ... both students and teachers sometimes ended up confused" (p. 730). 
They also found that teachers, reflecting on lhc day's lessons. were more likely lo reflect 
on their teaching rather than student learning and were often uncertain whether their 
teaching was effective. I t  was felt that, as experienced teachers, they were often able to 
rectify errors in future lessons. Wilson, et al. ( l 987) felt that teachers need a repertoire 
of ways of presenting infom1ation including analogies, metaphors and examples but 
Smith and Neale ( 1 989) considered that lack of understanding might result in teachers 
using metaphors or analogies that arc unsuitable and may mislead students. This was 
demonstrated by Viega et al's. ( 1989) study, where teachers' use of inadequate 
metaphors and analogies reinforced students' alternative understandings. 
The Effects of Sound Teacher Knowledge on Teaching and Learning 
Although teachers' lack of knowledge may inhibit student learning, it is also 
possible that teachers with good scientific knowledge may cause difficulties in student 
learning. Ausubcl ( 1968) felt that knowledgeable teachers may have difficulty 
rewording their knowledge so that it is understandable by primary students and may not 
realise that the complex understandings they hold about concepts may confuse students. 
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However. Sanders et al. { 1 993) argued that experienced teachers arc able to convert their 
knowledge to a form suitable for students. Ausubcl also considered that, once 
knowledgeable about a conr;cpt, teachers tend to forget any alternative understandings 
they may have had and the difficulties they had when learning the concept. 
Dobey and Schafer ( 1984) considered that, for inquiry teaching, teachers with an 
intennediate level of knowledge provide the best learning environment. They arc 
confident in their teaching, do not restrict children's investigations ar.d arc able lo offer 
the students challenges. Knowledgeable teachers tend to interrupt activity work to 
correct the students' investigations rather than encouraging them to solve di rticulties for 
themselves; and provide explanations rather than facilitating understanding. Teachers 
with little knowledge restrict the lesson activities and student discussion. 
The Relationship between Teacher Knowledge and Conceptual Change Learning 
The level of teacher understanding of the science being taught will affect, in a 
variety of ways, the learning that occurs. Discussions and questioning are important for 
conceptual change to occur (Driver & Oldham, 1 986) and an ability to relate the 
concepts to other areas or to represent the information in other ways enhances 
understanding (Carlsen, 1991b; Sanders et al., 1 993; Wilson et al., 1 987). Primary 
students tend to treat lessons or parts of lessons as unrelated (Tasker, 1 98 J )  and any 
fragmentation of teaching because of l imited teacher knowledge may emphasise this. 
Opportunity to Learn 
Originally, opportunity to learn was related to the time allocated to the 
curriculum (McDonnell, 1 995) and Bennett ( 1987) expressed concern that research had 
not attended to the quality and appropriateness of the learning experiences and had only 
focussed on the amount of time allowed for learning. McDonnell reports that, during the 
1980s the opportunity to learn approach extended its framework to consider the 
teaching/learning aspects as well as the time allowed, as research had indicated that 
opportunity to learn was not only defined by the curriculum but also by how the content 
was presented and by whom. She suggested that items for investigation should be the 
teacher's background and experience; the school and classroom organisation; the 
curriculum content; the availability and use of the instmctional materials; and the 
instructional strategics used. Brophy and Good ( 1986) considered opportunity to learn 
to be related to the amount of time available for the curriculum content but also to the 
teacher's input to student learning. They listed classroom management and student 
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engaged time; the appropriate levd of the material; anti :1ctive teaching hy the teacher as 
important factors. Tobin et al. ( 1 990) examined two high school science classrooms and 
found that student engagement was higher where there were more whok-class, teacher­
centred activities, with the students in the class whcrc group work was the norm 
engaging in more off..task behaviours. Tuyay, Jennings and Dixon ( 1 995), who 
examined collaborative story-writmg in a hi-lingual classroom, felt that oppo11unity to 
learn was provided by the students' opportunities to interact with the information 
offered and relate that infonnation to their previous experiences. They stated that it is 
important for infonnation to be presented in a variety of ways to provide more learning 
opportunities. McDonnell found that many studies of opportunity for learning have been 
based on teacher surveys and these offered limited infonnation, ard she considered that 
much more research dat.\ are needed on the discourses that occur in classrooms and 
students' participation in the learning experiences. 
Opportunity for learning may also be affected by the classroom environment. 
Brophy and Good ( 1986) suggested that teacher enthusiasm influences affccti\'e 
outcomes, but, particularly with older students, may also influence learning. Fraser 
( 199 1 )  i n  his summary of classroom environment research stated that many studies have 
found a correlation between student perceptions of the learning environment and 
affective and cognitive outcomes, and that students prerer a more positive classroom 
environment. He referred to a meta-analysis of studies which indicated that achievement 
was improved " . . .  in classes perceived as having greater Cohesiveness. Satisfaction and 
Goal Direction, and less Disorganisation and Friction" (p. 9). 
Alternative Frameworks 
Many investigations have been conducted into alternative frameworks in 
science. Confrey ( 1 990) stated that Pfundt and Duit (I 985, 1988) found 1 ,500 citations 
with alternative frameworYS appearing in all concept areas and similar 
misunderstandings are found internationally (eg. Fcthcrstonchaugh. Happs & Trcagust. 
1987; Webb, P ., 1 992 ). This section will only consider the alternative frameworks that 
have been described in the area of electricity. 
Alternative Frameworks in Electricity 
Batteries and simple circuits 
The battery is often considered the source of electric current ( Heller & Finley, 
1992; Osborne, 1 980) or is looked upon as a container of  electric current (Osborne, 
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1 980; Osborne & Gilbert, 1 979) or a device which stores electric current (Maichlc in 
Shipstonc, 1 985; Osborne, 1980) and, when included in a complete circuit, it may not he 
considered to have a cmTcnl flow through it (Osborne & Gilbert, 1 979). 
Many studies have investigated the concept of a circuit. Many students and 
adults consider that electricity can still flow through wire!- which arc attached to a 
source of electricity but arc not connected to anything else (Dupin & Joshua, 1 987; 
Osborne, 1980; Osborne & Gilbert, 1 979). Primary school students and university 
engineering students were unaware of where connections needed to he in a simple 
circuit consisting of a dry cell, a light globe and one or two wires (Fredette & Lochhcad, 
1 980; Tasker & Osborne, 1 985) and 1 2  year old students found the addition of a globe 
holder to a circuit made circuit construction more difficult because they lacked 
understanding of circuit connections and current flow through a globe (Arnold & Millar, 
1 987). Fredette and Lochhead considered that some students viewed the globe as 
something that "energy flows into rather than through" (p. 1 97). It was noted that many 
electricity concepts, because of the abstract nature of electric current, tended to be 
related to personal experience (Osborne, 1 980; Osborne & Gilbert, 1 979) with subjects 
considering wires which did not have a light globe attached would have an electric 
current through them as experience had shown that, when the wires were touched, the 
toucher received an electric shock. 
Where a circuit is complete there are a variety of views regarding the direction 
and amount of current flow. A uni-polar view considers that electric current only comes 
from the top of the battery or dry cell and any wires from the bottom of the battery to 
the globe are unnecessary (Arnold & Millar, 1 987; Osborne, 1 980; Tasker & Osborne, 
1 985; Webb, P., 1 992). Even when it has been demonstrated that two wires are 
necessary, students may still consider that nothing occurs in the bottom wire (Tasker & 
Osborne, 1 985). The bi-polar view suggests that current is flowing towards the globe 
from the top and the bottom of the battery (Arnold & Millar, 1987; Osborne, 1 980; 
Tasker & Osborne, 1 985; Webb, P., 1 992) and two explanations are offered of why this 
is so. One explanation considers that the top and bottom wires contain different ctments 
which are both needed lo allow the globe lo light (Osborne, 1980; Shipstonc, 1 984), a 
view which Shipstone considered could be changed by teaching. The other view 
considers that the same type of current is in each wire, with insufficient from one end of 
the battery to light the globe. When the current Oow from the two wires is added 
together the globe lights normally (Arnold & M illar, 1 987; Shipstone, 1 984). Shipstonc 
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considered lhal, as lhcre was a decline in the prevalence of this view from Years I - 3 in 
high schools, it is remediable. 
A third view incorporates the concept of electric current flowing around in a 
circuit bul thc direction of current flow may be from positive to negativc or negative to 
positive with two views about the amount of current in the wires. One view considers 
there will be less or no current in the wire in which the current returns to the hattery 
from the globe because current has been used up in the globe (Dupin & Joshua, 1 987; 
Heller & Finley, 1 992; Osborne, 1 980; Tasker & Osborne, 1 985; Shipstone, 1 984). The 
second, correct view considers there is the same amount of current in both wires. 
Series circuits 
Reports on studies of batteries in series appear limited although Osborne ( 1 980) 
found that 50% of students felt that the b:1ttery closest to the globe would have most 
current as the cmrent would be building-up in that battery from the other two batteries. 
He considered this would indicate a uni-polar view. 
Globes in series have received more attention. Some respondents consider that, 
because current flows in one direction through a circuit and is used up in the globes, 
globes further away from the initial point of flow would be dimmer (Heller & Finley, 
1992; Shipstone, 1 984). Respondents may also consider that, because each globe will 
use some of the current, all globes in a circuit will receive less current (Heller & Finley, 
1992; Shipstone, 1 984). Students with this view also consider globes in a parallel circuit 
would be dimmer. Conversely, other respondents consider that the brightness of extra 
globes in a circuit would be the same as that of a single globe, regardless of the type of 
circuit (Heller & Finley, 1992). Students with a bi-polar view may consider that, when 
two globes are connected in series, the globes will be dimmer as current for each globe 
only appears to be coming from one end of the battery - a view which is consistent with 
the brightness of the globes (Arnold & Millar, 1987). 
Parallel circuits 
Parallel circuits have received less attention, with some studies looking at more 
advanced understandings which are not relevant to this study. Dupin and Joshua ( 1 987) 
found students from age 1 2  to university level tend to consider that globes in parallel 
would be less bright than a single globe, a finding corroborated by Heller and Finley 
( 1992). 
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Terminology and understanding 
Osbomt! and Gilbert ( 1 979) found that when students were asked to define 
scientific tcnns related to electric current they wcrc able to provide scientific definitions 
even though interview data indicated that their understandings related to the phenomena 
were limited. They concluded that an ability to define tcnns was not an indication of 
understanding. Students tend not to discriminate between the terms electricity, current, 
power or energy (Arnold & Millar, 1 987). 
Osborne ( 1980), Heller and Finley ( 1992) and Shipstonc ( 1985) all found that 
intetviewees from primary school to teacher training colleges all showed inconsistencies 
in their application ofunder,;tandings, using one view to respond to one question and a 
different view to respond to a later question. This finding was also corroborated by 
Arnold and Millar (1987) who found responses from interviewees' explanations tended 
to be specific to the situation and not generalised. 
Teaching for Conceptual Change in Electricity 
Several studies have investigated teaching strategies to change understandings 
that adults and children hold about electric currents and circuits. Cosgrove and Osborne 
( 1985b) designed a conceptual change teaching strategy which was used to teach 
electric circuits to students whose age range appears to be 1 1  - 1 4. Their strategy starts 
with a preliminary phase which allows teachers to clarify their Yiews of the topic, 
recognise the scientific view and also introduces them to some of  the alternative 
frameworks that children hold. The second phase is referred to as the focus phase and 
supplies activities which will allow students with little knowledge to learn some basic 
infonuation and those with some knowledge to extend their understandings. Although 
the activities are designed so that the students can work on them by themselYes, the 
teacher is required to interact with all the students, individually and in groups, elicit 
their ideas and "fo;us the students' understandings" (p. 1 13). The challenge phase is 
next and Cosgrove and Osborne describe this as the " ... c rucial phase of the teaching 
sequence" (p. 1 13). This involves the students presenting their ideas and listening to the 
ideas of others; reviewing their ideas; becoming involved in activities that test their 
ideas; and then confronting the evidence. Cosgrove and Osborne suggest that whole­
class discussions are an effective way of collating student ideas and, if the scientific 
view is not suggested, the teacher needs to put it forward, although not as his/her own 
idea. They suggest that the method of testing ideas should be designed by the students 
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with the teacher's help. They also indicate that the test is unlikely to im1rn.:diatcly 
change students' iJcas as the scientific view is often the lew;l plausible idca and that 
explanations and analogies may help. The last phasc is the application phase where 
practical probkms arc given to the stlll.lcnts to solve using tlw new idea, helping tu 
reinforce the new understandings. Teacher facil itation is also important at this stage, to 
ensure students understand what is happening. Cosgrove and Osborne report that thi.: 
results obtained with this teaching sequence were positive although not all stuJcnts 
changed their views. However, they did find that, after the intervention, over time nearly 
half of one group of students regressed to earlier ideas. 
Arnold and Millar ( 1 987) used a constructivist approach to adL1ri;ss a range of 
fundamental understandings, although they did not look at parallel circuits. Their 
instructional techniques encouraged the students to use their existing beliefs to 
fonnulate theories, which, if scientifically incorrect, were challenged by appropriate 
activities to generate conceptual conflict. When the situation was such that the scienti fie 
view was needed to help understand the situation, it was offered and elaborated upon, 
with the students encouraged to re-examine their understandings. Most of the teaching 
was in small groups with individual attention as necessary. The students' 
understandings were checked one week after the teaching was completed and there was 
an improvement over all areas of concern. However, students are likely to revert to their 
initial understandings and there is no mention of a delayed posttest, so it is impossible to 
confirm that these were long-tem1 changes. 
Summary and Conceptual Framework 
Social constructivism provides a view of learning which encompasses all the 
activities and interactions in the classroom and allows opportunities for leaming to 
occur. It can be summarised as including the interactions that occur between tt:achers 
and students, and within groups of students, in the whole class and in group discussions 
and activities (figure 2 . 1  ). Within the framework of social constrnctivism, the 
participants, the teacher and the students, interact in  a variety of ways. The teachers 
offer input and ascertain understandings through the whole-class discussions and.. at the 
same time, are developing an m1derstanding of the concepts students hold. They can 
then use this knowledge to design whole-class and small group activities and 
discussions which provide opportunities for new learning to occur and which will 
scaffold the students' further development of understandings. At the same time as the 
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students arc obtaining new information they an.� also recognising the understandings that 
other students in the class hold, as well as pulling forward their own ideas and 
understandings. These opportunities for learning facilitalc the conceptual growth or 
change of the students. 
Social Constructivism 
�
Teachc,
� 
Whole-class Sm.
ail group 
d. . actJV1ty and 1scuss1on 
0. . 
� 
1scuss1on 
--- / 
Students 
Opportunities for Learning 
May result in 
Conceptual growth and conceptual change 
Figure 2. l .  Teaching and learning for conceptual growth and change 
Teachers are able to pay closer attention to individual understandings when 
interacting with small groups of students and can ask questions and make statements 
that help to direct the small group discussion towards new understandings or new ways 
of testing their own or other's understandings. They can help manage the group 
processes and suggest ways that interpersonal problems may be addressed. At the same 
time, with the more infonnal situation in small group discussions, the students are able 
to offer ideas and suggestions and engage in discussion, conceptual or otherwise. with 
the teacher and the other group members. This allows the students time to consider their 
ideas and the teacher an opportunity to consider their understandings and plan new 
learning experiences which will develop better understandings. 
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Figure 2.2. Teaching and learning for conceptual growth and change: Aspects that may 
affect learning 
However, this chapter has indicated the range of situations that affect the 
opportunities for learning that are available in the science classroom and the 
understandings that students develop. These can be grouped under headings (figure 2.2) 
and summarise the effects that the classroom environment might have. These include: 
the level of constructivist teaching in the classroom; the types of discussion and 
questioning that occur, both in the classroom and in group work; the functiornility of the 
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groups the students arc working in; the teacher's level of knowledge and un<lcrstan<l ing 
about the science content, alternative frameworks and conceptual change teaching 
strategics; and the teacher's awareness of the likely problems with language in sciL:ncc 
lessons (Figure 2.2). All ofthl!sc things can interac.t and can affect the quality of 
teaching and learning that occurs, with students retaining their ol<l understandings, 
developing new incorrect understandings or moving towards a more scientific view of 
the topic under discussion. 
The types of interactions in classrooms determine the opportunities for learning which 
allow the possibility of growth or change in the students' conceptual frameworks. The 
next chapter discusses the methodology of the study and the steps taken to ensure its 
rigour and the trustworthiness of the data gathered. 
4 1  
I 
CHAPTER 3 
Methodology 
Introduction 
The Researcher Guba and Lincoln ( 1 98 1 )  considered that it i s  important that information is available about the perceptions of the researcher and the effects that these might have on the study and Marshali and Rossman ( 1 989) stated that any biases that the researcher might have need to be discussed. The researcher is a practicing primary teacher with 1 5  years teaching experience and an interest in teaching science and, as such, is aware of many of the problems and constraints that occur in primary classrooms. Immediately prior to this study she was a classroom teacher, but had previously taught science to students from Years I - 7. She is aware of the range of teaching that occurs in science and has seen good lessons but has also seen those where the science consisted o f  completion o f  worksheets o r  where the hands-on practical activities were completed with little understanding developed and no teacher-directed discussion. She is currently an upper-primary teacher who coordinates the science in the school and provides professional development on current practic e  for the teachers in the school. She has an interest in alternative frameworks and her Honours thesis examined the understandings that Year 7 students had about light and sight. She has also co­written a paper on alternative frameworks in astronomy. During the initial years of this study she taught science education to undergraduate education students at uniYersity; provided professional development for teachers in a variety of fields, including science education; and continued teaching in primary schools through relief teaching. Once again, this gave her an insight into the types of science lessons that were being conducted in schools. The topic for this study was chosen because of the awareness of the range of teaching practice that was occurring and a recognition that there was much i n  science education about which teachers were unaware. Observers bring to any study their own experiences (Erickson. 1 986 ), ideas and j udgements (Angrosino & Mays de PCrcz, 2000). The researcher-observer needs to he impartial and a deliberate e ffort was made to limit any bias by recording factual observations and avoiding inferences and opinions. The researcher was only involved in 
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casual interactions with the sludcnts during the lessons an<l did not offer advice or suggestions to the teachers. 
The Choice of Research Methods Dane ( 1990) discussed the scllings in which field research may occur and conceded that there arc likely to be <liflcrcnccs in the results of research carried out in laboratory type settings and more natural scltings. Thcn.:forc, to examine the interaction:, and activities that occurred in primary science lessons it was necessary to conduct th<.: investigatio n  in working classrooms where the teacher was ab!, 10 conduct the lessons in his/her usual \Vay and the students were in their usual enviro . ,1t. ft was decided to conduct an interpretive study (Erickson, 1985) which was similar i n  design to a case study or field work (Dane, 1 990; Yin, 1 984 ). However, in order that the lessons contained similarities, the lesson frameworks were supplied by the researcher. Dane ( 1990) states that "Events may be artificially created by the researcher and still be perceived as natural by the participant" (p. 1 47). The researcher attended each lesson as an observer and fitted Angrosino and Mays de PCfez (2000) description of an observer as participant which allows the observer to interact incidentally with the participants. To provide a range o f  data for comparison, it was decided to look in three classes. Stake ( 1994) and Yin ( 1984) both considered that i t  is possible for researchers to study se•, ernl cases in order to investigate the area of interest. As suggested in qualitative research methodologies (Cobh & 1-lagcmastcr, l 987; Goetz & LeCompte, 1 984; Marshall & Rossman, 1 989), the literature review and conceptual framework provided information which led to the development of the research questions. 
Participant Selection 
Selection of Schools and Teachers Stake ( I  994) considered that the selection o f  cases to study is most important and a representative sample is  necessary. Because of  the necessity for good interactive lang(rnge to demonstrate the development o f  understanding, it was decided to use upper primary classes ( I  1 and 12  yearolds) as the levels of language and discussion skills of the students were likely to be more advanced than those of younger students. To obtain a range of teaching styles one teacher was required to be knowledgeable about science, particularly of the topics chosen, one less knowledgeable and a lltrthcr teacher was 
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required who could Cc in either category. The number of visits required to the schools 
mc;mi that they needed to be within reasonable driving distance from the researcher's 
home. The Principals of schools within this area were contact1.:d and two schools who 
were willing to participate in the study were chosen. The teacher at the first school was 
knowlcdgcabk about the topic of  electricity. The second school selected had two Y car 7 
teachers who were interested in the study and discussion with them indicated that their 
backgrounds differed from the first teacher and it was decided that, as both were 
interested, both classes would be included in the study although il was recognised that a 
further class might be necessary i f  their teaching was too similar. However, the two 
teachers were very different with different teaching styles and attitudes. 
Selection of Students for Focus Groups 
As i t  was not practical to monitor all group discussion in the classroom one 
group of students in each c lass, designated the Focus Group, was selected to be video 
recorded. Students for the Focus Groups were selected based on discussion with the 
teacher and the results from the pretest data. The teachers were asked to suggest students 
who would probably have some alternative science understandings but who would 
communicate and interact well together. The students' names were checked against the 
pretest to ensure a range of understandings. 
Selection of Data Gathering Techniques 
This study was designed to relate the conversation and interactions that occur in 
the classroom to the development of understandings. To obtain a wide range of 
infomrntion it was necessary to have access to the students' understandings prior to and 
after the unit of work; the teacher-class, teacher"student, teacher"group conversation; 
and the conversation that took place within the Focus Group. The Focus Group 
interactions in particular needed to be related to the context i n  which they occurred and 
it was possible that teacher interactions with the class or other students might also need 
to be related to context. Information was also needed from the teachers about their 
science knowledge and attitudes towards teaching together with general infonnation 
about the school. 
A pencil and paper test was used with the whole class to obtain data about 
student understandings, using the same test before and after the teaching. This provided 
basic data about the whole class but, being aware that student written answers might not 
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be as detailed as required, the students i n  the Focus Group were interviewed before and a!lcr the unit of work using the lntervicw-Ahout¥1nstanccs ll:clrniquc (Gilbert, Walts & Osborne, 198 1 )  to gain richer data about their u1Hkrsta11di11gs. To ensure all the necessary contexts were available, the Focus Group was video recorded and the researcher attendcd all thi.: lessons, recording events that occurred in the classroom together with any blackboard work, the general ambience i n  the classroom ,111J any difficulties that occurred. Erickson ( 1 98(1) discussed the use or audio and video ri.:cording and consider�d that i t  allows a more complete analysis of the data; avoids premature coding of instances; and allows the study of all events including rare occurrences. He also discussed some limitations: the researcher is unable to interact with the tape and contextual information is not available. Neither of these caused difficulties in this study because of the background information obtained and the presence of the researcher as an observer in the classroom. To ensure breadth of data for analysis, several recording techniques were used. The teacher wore a lapel microphone to record all the teacher-class, teacher-group and teacher-student discussions. A second microphone was installed in the classroom and was used to assist in  recording whole-class discussions. A video camera and connected microphone recorded the actions and conversations of the Focus Groups. 
The Teachers and the Schools 
Prior to the study, all three teachers were asked to complete a questionnaire (Appendix 1 )  to ascertain their teaching and academic background. They were also interviewed using a semi-structured interview fonnat to provide infonnation about their current class and school {Appendix 2). Infonnal discussions after the lessons were used to discuss any occurrences during the lesson to ensure that the researcher's interpretation of events was the same as that of the teacher. These discussions further developed the researcher's knowledge of  teacher understandings and ideas and notes were made of the discussion prior to leaving the school. During the course of the study, new questions arose which were covered by a further semi-structured interYicw with each teacher after the study was completed, which also, again, allowed the researcher tl1 check her interpretations of events. Validation of this type of data by the participants is important (Stake, 1994; Yin, 1 984) and all the descriptive data related to the teachers, their classes and the schools was written-up an( the report was forwarded to the teachers 
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for their validation. The responses provided further information which was incorporated 
into the thesis. 
Lesson :ind Instrument Design 
Ideally, when teaching from a constructivist pcrspct:tivc, the teacht:r discovers 
what the students know and then designs learning experiences that providc opportuniti<.:s 
for conceptual growth (cg. Cosgrovl! & Osborne, 1 985a, 1 985h; Driver & Scott, ] 9(X>J. 
The pretests provided this information but the teachers Jid not ask to sec them or wish 
to use them as a basis for any of  their teaching. The lessons had been designed 
expecting this, and provided learning experiences which would address the alternative 
frameworks that research indicated the s tudents might have. These arc detailed in 
Chapter 2. In each lesson the students arc given an opportunity to suggest their ideas; 
test the ideas that they and others have suggested and discuss them in a small group 
situation; discuss their conceptions of what is happening and listen to others in whole­
class discussions; and complete a theoretical activity based on the new understandings 
that had been developed. 
Choice of Topic Arca 
Two sets oflessons were designed. To avoid the "novelty effect" (Gay, 1 987, 
p. 276) affecting the study, one set was used so that students and teachers could adjust 
to the lesson fonnat and become accustomed to the presence of  audio-visual recording 
equipment in the classroom. The second set of lessons was usc<l to provide the dnta 
required for the study. Topics from the physical sciences were chosen and. after 
discussion with science educators, the areas of light and electricity were chosen. with 
the electricity lessons used for the study. Both topics occurred in the Year 7 curriculum 
materials that were in use at the time (Western Australian Education Department. 
Curriculum Branch, 1 976) and it was fel t  that the overlap between evc1yday and 
scientific language and knowledge in these two areas would enhance the study (Osborne 
et al., 1 983; Sutton, 1 980). Research has also indicated that electric current, although 
often covered in primary schools, is a topic which students may find difficult as many of 
the concepts arc abstract and not observable (Arnold & Millar, 1 987). 
Development of Lessons 
A literature review identified the areas within the topics where alternative 
understandings were likely to occur and the types of  understandings that might occm 
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(eg. Arnold & M illar, 1987; Coulstock, J 91J I ;  Fcthcrstonhaugh, Happs & Trcagust, 
1987; Karrqvist & Anderson, 1983; Fredette & Lochhcad, 1 980). Thosc likely to occur 
in primary school children and which might be n:mcdiatcd through science teaching 
were selected and the frameworks for twu series of lessons, one for light and one for 
electricity, addressing these were prepared. A further review of curriculum literature (eg. 
Queensland Department of  Education, Curriculum Branch, 1 983) idcnti ficd actlvi t i c.:s 
that would be suitable or that could be adapted for Year 7 students, and ideas were- also 
selected from the researcher's teaching experience. These were.: then collated into 
sequential teaching activities where knowledge was gradually built up over a period of 
four lessons for each topic area with a further application lesson which wa., not used by 
the teachers in the study. Focus questions were designed which directed the lesson 
discussion towards the propositions being developed and, using these focus questions as 
a guide, the background i nformation for the teacher was written. For each lesson a 
worksheet, designated a S ummary Sheet, was prepared, which was used to focus the 
concluding discussion of the group. A booklet was produced for each of the sets o f  
lessons together with diagrams for c lassroom display (Appendix 3 ). 
Kits of materials were organised to allow a class of 32 students sufficient 
equipment to work in groups of four students, with the equipment placed in boxes for 
ease of  distribution. The teacher's kit contained the equipment for the demonstrations, 
extra equipment i n  case of  loss or breakage and materials to replace consumables. 
Development of Instruments 
The evaluative instruments used in the study were the pre and posttests and the 
interview cards i n  both the topic areas, which were developed at the same time as the 
lessons. 
A separate test was designed for each topic area to test all the propositions 
taught. As the test was required to examine understandings already identified it \vas 
decided that it should include pictures of instances (Gilbert et al., 1 98 l )  and not only ask 
the student for a n  answer but also why s/he chose that answer. Identical tests were used 
for pre and posttests (Appendix 4). A semi-structured interview outline was designed 
based on the pictures from the tests with one extra instance card added relating to globes 
in series and parallel. This was used for the Interview-About-Instance interviews 
(Appendix 5). 
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V nlidity and Reliability of the Lessons and Tes ls 
The sets o f  lessons and tests were gi Vl:ll to science l!dul!ators to l:Xarninl: lo 
ensure that the activities and language wcrl! at a suitable concl:ptua! kvl:I fi:1r Yl'.ar 7 
students :mJ the science content of' the lessons wus corn.:ct. Tlw scil'.ncl'. educators 
c.on!irmcJ that the test had good content validity umJ ad<lressl:d the propositions 
developed in the l essons. The tests and intl'.rvicws were also validatl'.d against the.: 
lessons by comparing test anJ interview questions to the lessons, the concepts taught 
during the lessons,  an<l the focus questions. 
Although the tests were administered by three different teachers, spcc;;ic 
instructions were supplied in the lesson outlines to assist in ensuring the tests were 
conducted in a similar fashion. 
To chrck tesHetest reliability (Gay, 1 987), one class was required to complete 
the posttest twice. Gay suggested that a \Veek is a suitable time lapse between tests and 
Mr Avery was w il l ing to allow his class to complete the test twice, with a week's  break 
between tests. A Speannan Correlation Coefficient was conducted on the results with a 
coeffic ient of0.92, indicating a highly satisfactory level of test-retest reliability. 
A l l  interviews were conducted by the researcher who had previous experience o f  
this type o f  interviewing, and were audio recordt. ..... Where students were required to 
s elect answers or i ndicate answers on the instance cards these were either recorded by 
the researcher during the interview, or the sheets on which the students wrote or made 
their choices were retained. The audio recordings were transcribed at a time as close to 
the interviews as possible to assist i n  intcll)reting any unclear speech. 
Trialing of Lessons, Tests and Interview Cards 
The lessons, tests and equipment were trialed i n  a Year 6/7 class in a semi-rural 
state school outside  Perth. The teacher was an experienced primary school teacher and 
was in her third year of teaching science throughout the school. Her area of expertise 
was biology and she was aware that she was weaker i n  the physical sciences. After the 
lesson had been taught each week the teacher audio recorded a critique of the lesson and 
materials, which was collected each week and, where necessary, adjustments made to 
the materials. Regular visits were also made to the school to discuss the lessons and to 
assess the students'  ability to complete the Summary Sheets. 
The only major change suggested by the teacher was the inclusion or student 
i nstructional w::>rkshccts to eliminate the need to list a l l  activities on the blackboard. 
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These were <..ksigned and included, with a note added to the lesson sets stating that the use of these was optional. These will he referred to as worksheets to avoid confusion with the Summary Sheets. The tests were also used when the lessons wcre trialled. Thc.:sc wcn.: analysed and points of  misunderstanding notcd. Where it was apparent that the misunderstandings were common, the \vording of the tcsts was adjusted to improve.: understanding. After the test fccdhaek had been received from the trialing tcachcr, the interview cards were checked and adjustmcnts in wording madc as necessary. These were then trialed with 1 0  Year 7 students in a second school in a similar semi-rural area. No changes were found to be necessary. 
Overview of Lessons 
This section summarises the infon11atio11 that was in the lesson outlines provided to each teacher. It describes the general structure that was suggested for all lessons, the propositions and objectives for each lesson and the activities. At the beginning of the curriculum package it was explained to teachers that the lessons were outlines and could be adapted or changed to suit their teaching style and students, but it was emphasised that the objectives needed to be met and the main points, indicated by the focus questions, needed to be covered. The teachers did change their presentations and this will be discussed within the descriptive data chapters. 
Lesson Structure 
Introduction During this time teachers would be expected to introduce the topic, discuss the activities and distribute equipment and worksheets and, i f  necessary, organise the groups. It could also be used as an opportunity to review previous work. 
Group work Each lesson had a large component of activity work where students worked in groups of three or four. This could be split into separate activities with discussions afier each activity. The students were either expected to follow the instructions on the worksheets or  the instructions offered by the teacher. The worksheets provided points for discussion by the group members. 
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\Vht:lc-class discussions 
These occurred at varying intervals within the lessons and were teacher led 
discussions of what the students had discoven;d and what they considered was 
happening. h1cus questions were supplied to ensure the concept areas were coven:d. 
Lesson Summary Sheets 
Thesi:: were designed to encourage the students to think about Wh..il they had 
learned during the lesson and were intended to take I O - 1 5  minutes to tliscuss and 
complete. The Summary Sheet contained infonnation ahout a situation which related to 
the activities covered in class. The students discussed this in their groups and then 
answered the questions on the sheet individually. 
Lesson 1 
The propositions listed for Lesson 1 were introduced in this lesson, but most 
were also implicit in the other lessons. 
Propositions 
1 .  If components have not been Cf',llIJCCted in a complete circuit there is no electric 
current in  any component. 
2. The amount of electric current in any part of a circuit will be the same. 
3 .  Joins in a circuit consisting of wires, batteries and globes need to be at  specific 
points on the batteries and globes to result in a working circuit. 
4. When a circuit is connected and a globe is lit there is an electric current through 
3lJ parts of the circuit including the battery. 
5 .  Electric current travels in one direction through a circuit. 
Activities 
The students drew circuits which they considered would result in a lit light globe 
using one battery, one globe and one piece of wire. A selection of these were drawn on 
the blackboard and then students used the materials to construct and test the circuits. All 
circuits constructed were to be drawn on the worksheet, either as a working or non­
working circuit. Students were asked to discuss the direction of the flow of current in 
the circuit as a group activity. 
The second activity was similar to the first except students were asked to use 
two pieces of wire. Again they ,-\;-cw possible circuits first, a selection were drawn on 
the blackboard and then the students constructed and tested the circuits and discussed 
the direction of current flow. 
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Figure 3. 1 .  Circuit used to demonstrate the amount of electric current in the wires 
The next activity was a whole-class demonstration where the teachers used 
ammeters to demonstrate the amount of electric current in the wires in a circuit (Figure 
3 . 1  ), followed by a role-playing activity (Whitaker, 1 993 J where students role-played 
the components of  the electric circuit just demonstrated by the teacher (Figure 3.2). The 
Summary Sheets, which asked the students why a circuit connected incorrectly would 
not work and how this would need to be changed to produce a \Vorking circuit, were 
then completed. 
electrons 
battery 
".. /� 
� ammcter 
ligh, globe 
ammeter 
Figure 3.2. Fonnat of role-play activity 
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Lesson 2 
Propositions 
6. Some materials allow electricity to flow through them. 
7b. I f  the total voltage of the batteries is Jess than the voltage rating of the glohe, the 
globe will be very dim. 
Activities 
The students initially constructed a circuit the same as that produced in Lesson 
l ,  but included an extra wire in one side of the circuit (Figure 3.3) .  During this lesson, 
for ease or construction, they were allowed to use globe holders and wires with alligator 
clips at the ends. The worksheets then asked them to compare this circuit with that of 
the previous week and decide whether they were the same. The two joined wires were 
unclipped and connected to two drawing pins inserted into a piece of polystyrene foam 
and which touched each other. They were asked to look at what happened and discuss 
why it was happening. They then separated the two drawing pins (Figure 3.3) and, 
again, observed and discussed what happened and drew the circuit they had made. 
d .. s1/cln,nd 
dr, wlng pins 
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� 
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Figure 3 .3 .  Circuits constructed by students in Lesson 2 
The next activity asked students to attempt to reconnect the circuit using a 
variety of materials that had been supplied by placing them bet,veen the two drawing 
pins. They were asked to sort the items into materials that reconnected the circuit and 
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those that did not anti list them on the workshccts. They thcn used one oftht.: sorted materials to make and incorporate a switch into thcir circuit. Lastly, th� students constructed a simple circuit using two wires and u ! .3 volt globe. They recorded the brightness or the glohc and then changed it for a 2.(> volt globe and then a 4.8 volt globe, recording the brightness of the globe each time. Ag:,in, lht: worksheet asked them to discuss what was happening and why. Teachers then connected ammeters into a circuit which was the same as thal used for the lirst activity, to demonstrate that current no longer flowed when the circuit was not connected. The Summary Sheets, which asked the students to explain why a switch made out ofan insulating material would not allow a circuit to work and to suggest a more suitable material, were then completed. Lesson 3 Propositions 7a. When several batteries arc connected in series, current now wil l  be greater than with a single battery 7b. If the total voltage of the batteries is greater than the voltage rating o f  the globe, the globe may blow; ifit i s  Jess the globe will be very dim. 7c. When several globes arc connected in series the voltage available is divided amongst the globes and the globes appear dimmer than if conncc!ed in  parallel. Activities Initially the students constructed a circuit using two pieces of wire. a battery and a 1 .3 volt globe. They then replaced the 1 .3 volt globe with a 4.8 volt globe and were challenged to add one and then two extra batteries into the c ircuit in a way that would make the globe shine brighter. They needed to draw all the circuits they made, showing circuits which improved or did not improve the brightness o f  the globe, and were asked to discuss what happened and why. They then predicted what would happen i f  they removed a battery from the circuit and tested their prediction .  Again they were required to discuss the resulls. For the second activity, the students made a s imple circuit as at the beginning of  the first activity, but leaving the 1 .3 volt globe connected. They were asked to predict what would happen if they added extra globes to the circuit and were told to add the globes by d isconnecting one alligator clip from the globe holder and connecting in the 53 
second and third globes. They were asked to discuss what was happening and why. 
They then predicted what wou!<l happen if a globc was removed from the circuit and 
tested their prediction, again discussing the results. 
' ' 
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Figure 3 .4. Circuit used to demonstrate current flow in series circuits 
The teachers then demonstrated the i ncrease i n  current flow using a series circuit 
incorporating three batteries and ammeters (Figure 3 .4 ). 
In the last demonstration the teachers connected a 1 .3 volt globe into a series 
circuit using three batteries to demonstrate that, when a 1 .3 volt globe is connected to 
4.5 volts of electric current, the globe will blow. 
The Summary Sheets, which asked students why a circuit with a 1 .5 volt battery 
and a 4.5 volt globe was not producing a bright light, and then asked them to suggest a 
way of producing the required brightness, were then completed. 
Lesson 4 
Propositions 
Sa. When several batteries are connected in parallel. current flow is the same as that 
for a single battery and the current wi l l  operate for longer than when the batteries 
are connected in series. 
8b. When several globes arc connected in parallel the voltage is applied equally to 
all the globes and they appear brighter than i f  connected in series. 
Activities 
The first activity was a whole-class investigation which was set up shortly 
before the commencement of the lesson. This consisted ofa simple circuit using one AA 
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h�tHcry, and series and parallel circuits each using two AA batteries. This was explained 
and discussed and then Jen on during the lesson with the students and teachers watching 
the relative brightness of  the globes to ascertain which circuit lasted longest (Figure 
3.5). 
AA 
-r;-do; • 
' ' 
Figure 3.5.  Circuits used in the whole-class investigation 
In the first group activity the students constrncted a simple circuit using two 
wires, a battery and a globe. They were then challenged to incorporate extra globes into 
the circuit w ithout disconnecting any part of the initial circuit. They needed to relate this 
to the globes in series circuit that they constructed in Lesson J and discuss why the 
results were different. They predicted what would happen i f  they rcmm·cd any one of  
the  globes from the circuit and then tested their prediction. Again they were required to 
relate this to Lesson 3 ' s  activity and discuss the differences and why. 
In the second activity students removed the two extra globes from the circuit and 
then added i n  extra batteries without disconnecting any part of the remaining circuit. 
Again, this was to be related to Lesson 3's activity and the differences discussed. The 
students then predicted what would happen if one of the batteries was rcmow:d from the 
circuit, tested their prediction and discussed the results. 
The teachers demonstrated the amount of current flow through a parallel cin:uit 
using a parallel circuit incorporating the ammeters and related this to series circuits. 
The Summary Sheets, which asked the students to explain why a circuit with 
batteries connected in series would not continue working for long and t_o suggest a way 
55 
the circuit could he connected to make it work for a longer period of ti rm:, were then 
completed. 
Lesson 5 
There was a lillh lesson in the series where the students upplied the 
understandings they had developed to construct a set of street lights fr.>r :rn imaginary 
model town. The lights needed to be on one side of the street; t!H:y needed an on/off 
switch; they needed to continue \vorking if one glob!.! was removed and they needed to 
continue working for as long as possible. None of the teachers inc!ude<l this lesson. 
Data Collection and Analysis 
There has been some discussion in the past about mixing quantitative and 
qualitative data within the research methodologies. However, it appears that using both 
types of data within a study is acceptable and Dzurec and Abraham ( 1 993) stated that: 
The traditional dichotomy between quantitative and qualitative methods . . .  is 
evolving towards a more neutral distinction, facilitative of the integration of 
methods. (p. 74) 
Lincoln and Guba (2000) state that as early as 1 985 they considered that qualitative and 
quantitative data were able to be used together. However, they emphasise that the use of 
both types of data needs to be conducted with care. Patton ( 1 987) also discussed 
comi.Jining qualitative and quantitative datr. and suggests ways in which the data could 
be used although none fit the present study. He, again, emphasises the need for care in 
mixing data analysis. 
Because of the nature of this study, both qualitative and quantitative analyses 
have been used. The interactions and activities in the lessons have been analysed both 
quantitatively and qualitatively, with statistics presented comparing time and numbers 
of utterances but with descriptions and examples of the discourse and behaviours that 
occurred. The test data and changes in understandings have also been quantified but. 
again, there arc examples from the students' responses in the tests and interviews. 
Testing 
Pretests and posttests 
The pretests and posttests were administered by the teacher and instructions 
were included to ensure that similar circumstances were adhered to for each test and 
class. It was administered to the whole class shortly before and after instrnction so that 
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changes in students' conceptions could he identi fied and described. Where students 
were absent for either of these tests their data were not included in any anaiyses. It was 
not possible to adminiskr a delayed posttcst as the students were al thc end of thcir last 
year at primary school and moved on to a range of high schools. 
lnterview-Ahout-l nslancc lntcn'icws 
The Focus Group students were interviewed individually prior to an<l after the 
unit of work using Intcrvicw-Ahout-lnstance cards (Appendix 5 ). The interviews ,vcrc 
audio recorded and transcribed shortly after the intcrvic\','S, with these data used to 
extend the researcher's knowledge ot'thc students' understandings. 
Analysis of Data from Testing 
Pretests and posttests 
The pretests and posttests were used to produce an analysis of each student's 
understandings prior to and after instruction with the pretest data also being used to help 
identify members for the Focus Group. Data from the pretests were analysed to establish 
the types of understandings the students held. These were later compared to the posttest 
data to ascertain the number of students in each class who had changed understandings 
and the types of change that had occurred. Where students had made a scientific choice 
in their answer, their explanation was scored to show the level of understanding, with 
zep:, indicating no real understanding although they had made a concct choice. and three 
indicating an understanding that was close to the scientific ,·icw. 
V!deo and Audio Recordings 
Video recordings of Focus Group interactions 
The video recording of Focus Group interactions was viewed immediately after 
the lesson and a journal kept to record initial reactions and items of interest such as 
moments of confusion or discussion about results. These episodes were analysed to 
ascertain the way the interactions took place and the apparent effect of the episode on 
the learning process. The researcher's i nterpretation of these events was recorded. 
Possible effects of these events were then looked for in the next lesson together with any 
other critical episodes. The language interactions from each video recording were 
transcribed by the researcher and contextual infonnation from the video and classroom 
observations was added (Appendix 7). Al  the conclusion of the unit o f  work on 
electricity the Focus Group students were involved in a discussion with the researcher 
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where extracts from the videos were shown and discussed with the stmknts' ideas and 
interpretations used to validate or cxh.:nJ the rcscarchcr's understandings. 
Amlio rccordini.:s of teacher-group and tcachcr-wholc-d:iss inlcrnctions 
The audio tapes from the classroom microphone and the teacher lapel 
microphone were transcribed as one transcript, giving a n..:cord oftht: teacher's 
interactions with individuals, groups, and the whole class. Any long utterances were 
split either where the type of comment changed, for example, whcrc the teacher's 
comments changed from conccptual discussion to managing the classroom behaviour, or 
where the topic under discussion changed. This is similar to Kempa and Ayob's ( 1 99 1 )  
description o f  utterances: 
" . . .  any verbal unit which possesses a recognisable and interpretable clement 
of communicated infomrntion'. Thus utterances could consist of simple 
phrases or sentences (incomplete sentences), complete sentences or even 
chains of phrases or sentences . . .  " (p. 345) 
The observational data were added to this transcript (Appendix 7). 
Analysis of Data Contained in Transcriptions 
Al l  the transcript data were transferred to a computer database \Vith a separate 
database for each lesson, separated between the whole-class/teacher-group data and the 
Focus Group data. This was then coded to supply infonnation ahout the type of activity 
that was occurring; the types of interactions that occu1Ted ( eg. feedback. instructions, 
suggestions); use of media or models (eg. blackboard work, use of built circuits); and 
the concept areas that were covered. The categories chosen were specific and objccti\·c 
in order to minimise coding difficulties (Dane, 1 990) The coding cvol\'ed as the study 
progressed, with the transcripts and recordings re-examined and reinterpreted as new 
information was generated, a strategy which Stake ( 1994) considers is  essential in case 
study research. The database was used to generate infonnation about the types of 
interactions and behaviours of the teachers, the class members and the Focus Groups. It  
provided information about the number and types of interactions that occmTed for 
concept areas; the amount of conceptual discussion that occurred; comparisons between 
the amount of and type of teacher speech and student speech; the types of strategics 
used by teachers and students; and contextual infonnation. Because the infonnation 
offered by the teacher to each individual group usually di ffered, the content of the 
teacher-group transcriptions was not included in the analyses. However, it was used 
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when comparing the infonnation given by teachers to the whole; class with that given to 
individuals or small groups. 
Students' \Vritten \Vork 
Any written work, including the supplied workshccts and the Summary Sheets, 
that was completed by the students was collected and retained. These were analysed to 
ascertain the understandings that students had at various stages of the lessons and were 
used for reference when unusual changes occurred in individual student understandings. 
Collation and Analysis of Data 
Datri. validation in qualitative research is usually by means of triangulation 
(Erickson, 1986; Miles & Hubcmian, 1 994; Patton, 1 987). Miles and Hubcnnan listed 
Denzin 's ( 1978) four types of triangulation; data source, method, researcher and theory, 
to which they add a fifth, data type. This study uses a variety of data sources, methods 
and data types, within and across classrooms. 
Data aJialysis in  qualitative studies involves the researcher in looking for 
patterns and links across the data generated. Miles and Hubennan ( 1 994) suggested that 
pattern finding is useful when there is a large amount of data to be sorted and feel that 
this method can reduce the data to a manageable number of 'propositions'. They also 
offer clustering as a method of sorting data, where connecting links are looked for 
between infomrntion. These clusters can overlap with links made between clusters. 
Erickson ( 1986) suggested the generation of assenions from the data which can then be 
linked to provide general assertions. Both clustering and the generation of assertions arc 
similar and either could describe the data analysis used in this study, although 
Erickson's terminology has been used. 
As each aspect of the lessons was discussed and described, assertions were 
developed which were based in occurrences in the classrooms. For some assertions, only 
data from two classrooms were used, and in others data from one of the classrooms 
indicated that, by not engaging in the behaviours of the assertion, the opposite of the 
assertion occurred. The assertions were reframed as more evidcntiary data were found 
and evolved as the analysis progressed as suggested by Erickson ( 1986). These 
assertions were then clustered to produce general asscnions producing a statement 
linking together these ideas and, again, the evolution of both the assertions and the 
general assertions was on-going. The general assertions were then linked together to 
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produce overarching assenions resulting in genenil statements which summarised lhc findings of the study. 
Research Consistency 
In this type of study it is difficult to avoid the research affecting classroom life. The teachers may have changed their teaching style to what they felt was expected, hut the students did not ap;1ear concerned about the research, usually ignoring the recording equipment as was indicated by much of their off-task conversation. The research consistency was maintained by all data collection including observations, interviewing and transcribing, and all coding and scoring being completed by the researcher with samples of the coding and the scoring criteria checked by science educators. 
Confidentiality/Eth ies 
Christians (2000) stated that all participants in a study mcst be fully informed about the study. The teachers were infonned verbally of the intentions of the study at a meeting and were sent a letter summarising the infomrntion. They all signed fonns indicating that they were aware of the focus of the study and were willing to participate. A letter containing the infonnation about the study was also sent to the parents of all students, together a pennission form for the parents to sign. All these were returned completed. Christians (2000) also stated that researchers must protect the identity oft  he participants and the locations, although he conceded that insiders may still recognise individuals. Confidentiality has been maintained by only the researcher and her immediate supervisors having access to the video recordings and other raw data that may identify the participants. All the audio and video tapes arc locked away and will be destroyed after five years. Each school, teacher and student within the study was given a identifying code or name which was used in all transcripts and in all written work. Any descriptions given in the thesis give sufficient data to identify the type of school, teacher or student but give no infonnation which may lead to the actual identification of any of these. The next chapter, Chapter 4, gives an overview of the schools and teachers involved in  the study as an introduction to the descriptive chapters which discuss teaching and learning in the classes. 
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CIIAPTF:R 4 
Overview of Teachers and Schools Involved in the Study 
Introduction 
In the remaining chapters, the text includes quotations from tests, interviews and 
lessons. A code is used to indicate the student concerned, cg. 1 F20. The first number of 
the code indicates the class, the next letter indicates student gender (M = male, F = 
female) and the final number is  the number given by the researcher to the student. 
Where teacher or student names ate shown these are pseudonyms. The test quotations 
are written as the students wrote them on the test sheets and may include spelling and 
grammatical errors. 
This Chapter describes schools in which the case studies were conducted and the 
teachers who were involved. There were three teachers, Mr Avery, Ms Brown and Mr 
Carter, with Ms Brown and Mr Carter teaching at the same school. 
The First School 
The first schoo! was situated on the outskirts of Perth. Most of the school 
buildings were the older linear style of building with �ingle width blocks of classrooms, 
although there were some new additions. There were about 280 students in the school. 
The staff were all experienced and most had been at the school for some years resulting 
in a stable environment. 
Mr Avery was the science coordinator and did not consider that science was well 
taught in the school, stating that there was only one teacher who he knew taught it on a 
regular basis. He said that the school was well equipped for science but that the 
equipment was not used. He asked the teachers at the beginning of each tenn i f  they 
required anything for science and was rarely asked to buy anything. Mr Aveiy took 
science in both the Year 7 and the Year 6/7 classes and ran the same programs in both. 
Mr A very and his Class 
The Class 
This class was a mixed group of Year 6/7 students with all the students in the 
Focus Group being Y car 7 students. There were 1 5  girls and 1 3  boys in the class, all 
having stable home environments with only one being from a single parent family. 
There were no students who had a home language other than English. 
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Student characteristics Mr Avery considered that the students interacted well SO!.:ially and this was demonstrated by their cooperative work within the groups. I lowL:ver, tlH.:n.: were a fow instances of individuals dominating the activity work during the seriL:s of lessons. Mr Avery considered most of the students were good at following both written and verbal instructions with six or seven needing to he rcdirccted. Group work was used i n  all curriculum areas with group sizes from two to seven depending on the type of work. The group conversations were often animated and enthusiastic. The students were .:.!lowed to take responsibility for tasks beyond normal c lasswork. After the unit was over the students were given a home project building a model incorporating an electric circuit which was then video recorded by the students with little supervision. Composition of groups Mr A very did not insist that students stayed in the same group each \veck although the groups often stayed the same or similar, either because they were friendship groups or because students were sitting at adjacent desks. The Focus Group remained the same throughout the lessons. Students' academic ability Shortly after the lessons were finished Mr Avery was asked !o rate the students' academic ability on a scale of one to five where one ,vas very high and rive very lo,\·. Students from this class were generally able with no students at level live. and fh'c given a rating of four. Eight students were at level three. and six at each of levels two and one. 
The Classroom Environment The class was in an air-conditioned transportable classroom resulting in a high noise level during activity lc�sons. The classroom always had displays of students' work on the walls which were regularly updated and much of the work was not the usual Year 7 work, suggesting that the teacher was innovative. 
Mr Avery 
Academic background and teaching experience Mr A very had taught in several state primary schools over a period of 19  years. 1 2  of which had been in Y car 7 classrooms. He studied physics and chemistry in Y car 1 1  and 1 2  at high school and included in  his pn.:-servicc teacher training elect in; units in science, art and physical education. When he \Vas working on his Bachelor or Education 
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degree he took a further four units in scicm:c, two each in mathematics and education 
and one in art and had since attended a varidy jf science in-service courses. I le spent 
one year seconded as a lecturer in primary science.: education at a teacher training college 
and was also part ofa team thal wrote a curriculum package.: for Year 5 - 8 Technology. Science knowledge 
Mr Avery was very knowledgeable about the topic of electricity and taught it 
most years. He was not only able to address the propositions that were inc!udcd in the 
lesson guidelines but was also able to address other related incidents that occurred 
within the lessons. He was also aware o f  the difficulties which were likely to arise from 
students' idiosyncratic ideas about phenomena. Philosophy 
Mr Avery felt science was as important as all the other subjects taught in 
primary school. He considered that students often know a considerable amount about a 
science topic before they come to the classroom: 
Researcher How do you think the kids in your class develop their actual science 
understandings? 
Mr Ave,y Um, yeah, a lot of the time it 's what they alrea<{v know. 
He felt that students develop understandings by doing activities and focusing on 
specific discoveries. He believed that teachers need to direct the learning by discussing 
the activity and alternative ways of approaching the investigations, and to then focus on 
the important concepts, with the teacher providing examples and the students recording 
a short reminder: 
Mr Ave,y 
Researcher 
Mr Ave,y 
. . .  and then the other thing is actually doing a11d thenfornssing 011 
specific discoveries like lighting up a globe uh, mu! so 011. Then someone 
turns it around you know and changes the direction of the wires and says 
look at this one, and then you say look can you do it some other way? 
And then you focus in 011 the important concepts then. 
And how do you actually focus in 011 it apart from the actil'ities. 
Well, we talk about it, talk ahollf it and then provide them lt'ith some 
dramatic represe11tatio11 show them some models and things ofho\\' it 
works get a visual * gel down to actually recording. They ca11j11st copy 
da.v11 a sentence like yesterday, just to reinforce that and so \\'e '1•e got a 
got a lot of discussion. 
N.B. Asterisks (*) arc used throughout this thesis to indicate that a word was inaudible 
on the audio-tape. 
Mr Avery believed that science activities needed lo be challenging to maintain 
studc11t interest and he considered that his students enjoyed science as there was less 
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"acat!cmic pressure" on them and they could be noi!-iil.:r. I-le ft..:lt students tended not to 
discuss things unless they were specifically told to do so and, unlc!-is the discus�.ion was 
structured, students would only .stay on-task for a limited time: 
When yo11 (ISk them to discuss so111efhi11g you 've re(ll/y got lo sel your 
focus questions. fou 've got to give them clear questions lo answer and 
then t!tey will. /Jut i
f
yo11 say okay yo11 'vej11st done t/Jis, go a11d rlisrnss 
what yo11 '1•e fowul or what have yo11,j11sl done'! /Jisrnss i I, 'l'liey 're loo 
ope11, too broad a question and therefore they really don 't know what 
you rcal(l' want . . .  
Science Topics and Lessons 
Science topics 
Mr Avery mainly taught the physical sciences, although he included biological 
topics to maintain a balance in his program. He also looked at the impact of science on 
society and incorporated consumer science and values education within science lessons. 
Lesson structure 
Mr Avery had two science lessons a week in each of the classes he was teaching, 
one of one hour which usually contained the practical activities, and a second of 30 
minutes which was usually a class discussion and write-up. The one hour lessons during 
this study tended to be less than an hour and the second lesson did not always eventuate. 
When this happened, more time for discussion was organised during the main lesson. 
Mr Avery did not always use the fom1al method of writing-up experiments but would 
sometimes ask students to write brief notes or individual sentences o.s a record of the 
activity. His usual science lessons consisted ofan introduction to the activity and then a 
description of the set task, with the students then working in smu!l groups on the task 
before a class discussion. They then did an extension activity and some writing. During 
the follow-up lesson, usually the following day, he reviewed the work using discussion 
and questioning and the students were sometimes asked to write a fom1a\ report of the 
activity using aim, method, results and conclusions. 
M r  Avery's Approach to Teaching the Electricity Topic 
Prior to the series of electricity lessons Mr A very taught four of the supplied 
lessons on light. 
Use of Class Time During Electricity Lessons 
The total teaching time for the electricity lessons was six hours 5 minutes. Forty­
two percent of class time was used for group work including hands-on activities and 
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within-group talk about the activities. A further 331% of clm;s time was usctl for whole­
class discussions and 24% was used for class and task management. Interruptions to the 
lesson look up I%) of the total time. 
Mr Avery did not teach the electricity lessons as they were suggested hut spread 
them over a longer period. The lessons have been numbered to link to the lessons 
described in Chapter 3. Where one lesson was split into two, the first lesson has been 
given an 'a' suffix, and the second a 'b' suffix. Mr Avery combined parts of Lessons 3 
and 4 to make a joining lesson and this has been given the number 3/4. 
Lesson 1 :  Circuit Construction, Current and Current Flow 
Mr Avery used two periods for these topics, one of 50 minutes (Lesson 1 a) and a 
follow-up discussion and writing lesson of25 minutes (Lesson I b). He drew circuits on 
the blackboard for the first activity and students constructed and tested these rather than 
developing their own. He did not give them time to draw circuits first although they dicl 
draw diagrams of the circuits they made. He followed the other group activities as they 
were in the lesson, holding a whole-class discussion al1cr each activity. The ammeter 
demonstration, used to show that the amount of current in any part of the circuit was the 
same, was extended by Mr Avery. Initially he demonstrated th:.: amount of current in 
each side of the circuit was the same. He then reversed the batteiy in the circuit so that 
both the ammeters' hands moved below zero and used this to explain that the current 
was flowing 'backwards' leading to the concept of current Jlowing from negative to 
positive. To assist the group discussion at the end of Lesson l a, he photocopied the 
focus questions and gave them to the groups to discuss and answer. He then conducted a 
whole-class discussion using the focus questions and ascertaining some of the student 
understandings, although lack of time prevented all the questions being discussed. The 
role-playing activity simulating the Jlow of current in a circuit and the Summary Sheet 
discussion were included i n  Lesson 1 b, as was a comprehensive review. 
Lesson 2: Conductors and Insulators 
M r  Avery told the students to work through the worksheet which asked them to 
construct a circuit suitable for testing materials for conductivity and then test the 
supplied materials. However, the students either stopped after the first section or went 
off at a tangent and he spent some time bringing them back on task. Although the 
activity testing conductors and insulators was completed, the construction of a switch 
was omitted. There was little whole-class discussion during the lesson with a limited 
amount in the review section at the end of the lesson. Mr Avery started to use the 
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Summary Sheet as a discussion focus hut the end of day :-iren soun<lt.:d and the 
discussion was cut short with little conceptual un<lt.:rstanding demonstrated. Tht: !inal 
activity, testing di !Terent voltage globes with a 1 .5 volt battt.:ry, was completed in 
Lesson 3. The Summary Sheet was not completed by the class, although the Focus 
Group completed it later. 
Lesson 3: Series Circuits and the Relationship between Battery and Globe Voltages 
Mr Avery spread the activities in Lessons 3 and 4 over three 45-minute periods 
and a discussion period (Lessons 3, 3/4a, 3/4b aml 4) with parts of both Lesson 3 and 
Lesson 4 being included in Lesson 3/4. Lesson 3 started with a review of the previous 
lessons. The students completed the final activity from Lesson 2, with Mr Avery using 
three circuits constructed by the Focus Group to demonstrate the change in globe 
brightness when different voltage globes were used with a 1 .5 volt battery. After 
constructing and testing circuits using batteries in series, selected students were asked to 
draw circuits on the b lackboard. There was a diversion during the lesson when some of 
the 4.8 volt globes started flashing and the reason for this became a discussion and 
learning point. There were frequent discussions during the lesson and Mr A very went 
through some of the focus questions but the end of school siren interrupted and the 
discussion was unfinished. No ammeter demonstration was used. 
The second activity, connecting globes in series, was started by students to\\"ards 
the end of Lesson 3/4a but ,nost groups did not complete the circuit. Mr Avery called 
the students to the front of the classroom and demonstrated the circuit and what 
happened when a globe was removed. 
Mr Avery did not demonstrate the effect of connecting a 1 .3 volt globe t'J three 
1 .5 volt batteries in series, but mentioned briefly during a whole-class discussion that 
the globe would blow. The Summary Sheet for Lesson 3 was completed at the 
beginning of the Lesson 4. 
Lesson 4: Parallel Circuits 
During Lesson 3/4a the whole-class investigation, which demonstrated the 
difference in the length of time a globe would continue functioning in simple. series and 
parallel circuits, was set up using D size batteries instead of AA. As nothing had 
happened at the end of the lesson the circuits were disconnected and reconnected the 
following day. This continued until after the series of lessons was finished and any 
discussion occurred outside of the recorded lessons. 
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The first group activity in Lesson 3/4a was constructing a circuit with globes in parallel, with one group coming to the front of the class to demonstrate their circuit and Mr Avery talking about the circuit. The groups were then asked to construct a circuit containing globes in series as this had not been done.: previously. Mr Avery then demonstrated the attributes of globes in series circuits and conducted an in�dcpth discussion of parallel and series circuits. During Lesson 3/4b the differences between parallel and series circuits were reviewed and Mr Avery constructed a circuit with globes in  parallel to reinforce the concept that globes could be connected so they shine with equal brightness. During Lesson 4 Mr Avery initially discussed conductors and insulators, and the students were then asked to complete the Summary Sheet from Lesson 3 with no group discussion. The students then completed the second activity from Lesson 4, constructing a circuit with batteries in parallel. Rather than use the worksheet, Mr A very gave verbal instructions to the class and only two groups succeeded in  constructing the circuit incorporatin5 two batteries. The other students were called to these desks to look at them and Mr Avery incorporated ammeters into one of the circuits. The activity was intended to demonstrate the current flow from each of the batteries but was confusing as the ammeters appeared to have differing readings and the students were ret1ding different numbers from the dials. The students then returned to their groups 10 construct their parallel circuits. Mr Avery used one of the constructed parallel circuits to demonstrate removing batteries from the circuit and changing the 1 .3 volt globe for a 4.8 volt globe and then reviewed circuits with batteries in  parallel. The Summary Sheet for this lesson was not completed by the class although the students in the Focus Group completed it after the series of lessons. 
Extra Lesson Mr Ave1y added an extra lesson at the end of the series which involved the students in  following writte:i instructions to make what was termed a 'nerve tester', which tested the steadiness of the user's hands. This lesson, although related to the topic, was designed as a k:chnology lesson (design, make, appraise) and there was little science or conceptual discussion. 
The Second School 
The second school was situated in :.1 semi-rural area close to Perth. Most of the school buildings consisted of the older !inear style of buildings with single width blocks 
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of classrooms around a quadrangle. The junior primary block and library wore quite 
new, and there was a new utilities room where the science lessons were held. The school 
had 398 pupils. The teachers involved in the study were Ms Brown and Mr Carter, both 
experienced Y car 7 teachers. 
Neither teacher was sure about the amount of science taught in the school. Ms 
Brown considered that "quite a bit" was taught in junior primary ;,md thought that some 
teachers set some science as a home task. Mr Carter felt that science teaching in the 
school had deteriorated since the time when he worked as a support teacher in �cicncc, 
possibly because of difficulties getting materials, but also because of teacher auitudi..::s 
and time constraints. Both Ms Brown and Mr Carter stated that the science equipment in 
the school was limited. Ms  Brown also commented that the Western Australian Science 
Syllabus and supporting materials were inadequate, but the school had purchased extra 
resource materials. 
Both classes went to the utilities room for their science lessons. The students 
from Ms  Brown's class were required to move desks and chairs into the utilities room 
prior to the lessons and those from Mr Carter's class returned them to the classroom. 
The students became very competent at organising the desks and settling reasonably 
quickly when they arrived. Copies of the supplied posters were displayed in this room as 
well as the classroom. 
Ms Brown and her Class 
The Class 
This class consisted of32 Year 7 students, 1 5  boys and 1 7  girls. There were no 
members of the class that had a home language other than English, Jnd only two o f  the 
students were born outside Australia. 
Student characteristics 
Ms Brown considered the class was not good at cooperating with each other, and 
had several academically able students who liked to dominate and were strong willed: 
Ms Brown They 're ve,y strong willed people. That tends to make it a little hit lit//e 
difficult at times . . . .  They 're great a111011g their ow11 close lirrle group bw 
from the wider perspective some of them clo lw,1e cliffic11lty coping. 
thinking about other people. 
After the lessons, Ms Brown said that the groups may have worked better if they had 
been same gender groups. 
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Ms Brown I think it would have prohahfv heen heller if I 'd hat! ;.:roups tf girls 
rather than t1y mu/ mix tftem hecause youji11d that they * ojfa11yhow the 
boys 'II c/u their hit and the girls 'If c/o their hi!. Otherwise tfte hoys '!I 
commmuleer the gear anti the girls will sit hack anti watch. Unless rf 
co11rse you get one girl wfto isfairf�, pushy a11d domi11a11l. 
Ms Brown felt that, with the range of abilities in her class, the students would 
find it difficult lo follow written instructions and the instructions were always read 
aloud. She conceded that students varied in their willingness to follow instructions but 
felt that her class were quite good at it. 
M s  Brown considered that some students were able to work independently and 
cited examples of students helping in the junior primary classrooms. The class had also 
been involved in  a buddy scheme with Year 2 students which was designed to develop 
higher l evels of responsibility. There was little individual responsibility demonstrated in 
the science lessons. 
Composition of groups 
M s  Brown organised the students into groups prior to the series of lessons, with 
most groups consisting of two boys and two girls. The groups remained the same apart 
from student absences. 
Students' academic ability 
Ms Brown stated that she had a group of about eight very acadcmica!\y able 
students, but also had two students who were working at a level very much bc!ow Year 
7. Shortly after the study, when asked to rate her students' academic ability on a scale of 
one to five, where one was very high and live very low, two students were level 5, six 
level 4 and one 3/4. Eleven students rated at level 3, seven students �t one and a fmiher 
five at 1/2. 
The Classroom Environment 
The lessons were taken in a room where talk tended to echo and the noise level 
seemed high because of this. This was alleviated somewhat by the addition of fabric 
drapes and screens but it was never Jhlly satisfactory. 
Ms Brown 
Academic background and teaching experience 
Ms Brown had been a primary teacher It)!' 19  years. She had also taught for four 
years in secondary schools teaching home-economics and ha�i a fmiher year working in 
post-primary Aboriginal education. She had worked at her current school for 1 1  years. 
and had taught Year 7 for five years. For the past two years, she had been tandem 
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teaching with another teacher, as slw was one of  the deputy principuls. She hud always 
taught science in her Year 7 class. 
At high school Ms Brown had studied physics and chemistry in Year I I and 
biology in Year 1 2. She trained at an i 1 1stitutc of  technology where she completed a 
home science diploma and had �ince attended one science based in-service. The other 
teacher in the study, M r  Carter, had worked as a science support teacher a few years 
earlier and Ms Brown felt that this had enhanced her science teaching. Both Year 7 
teachers taught the same topics during the year using the same programs and Ms Brown 
again felt that this collaboration helped her science teaching. 
Science knowledge 
In unrecorded conversation Ms Brown indicated that she had taught electricity 
several times before and felt that her knowledge was adeLJuate although she was less 
confident with this topic than with some others. In post discussions she felt that she had 
not understood the concept of  parallel c ircuits well enough to be able to explain it 
clearly to the students, although after a class discussion with students the day after the 
relevant lesson she felt that the students did understand them. She considered that the 
activity lesson for parallel circuits bad not progressed very \Vell for a variety of reasons: 
Ms Brown . . .  When I was doing these lessons I 'd sort of prepare the night hefore 
and I think this lesson particular lesson H'cts done car�\' i11 the day too 
and I'd had a lot of. mu/till/de of interruptions. / '!II 11ot 11:1·i11g to make 
excuses, l wasn 't super co11fide11t and I'd had all these other 
interruptions which sort ofcomplete�v hlew my, this was cw11 he/ore I 
got into the classroom you know, just i11 the office when you get lo 
school. I get to schoolfcrir(v early, ahout quarter lo eight, a11d different 
incidents have arisen which had to he dealt ll'ith straight mrny. get to the 
classroom sort of think, got lo get this organised all(l yeah so. And the 
kids were high too and /, they were high. It did11 ·1 real�v help 
unfortunately. It was a lou!>y lesson and I came out thi11ki11g J'n, real�,· 
hlow11 this, yeah. (Post interview) 
Ms Brown had a collection of curriculum and reference material which she used to 
extend her understanding of science concepts 
Philosophy 
Ms Brown felt that science was an important part of the school curriculum 
because it helped develop students' thinking skills. She also considered that good 
primary science teaching encouraged students to go into scienct: at high school. She felt 
that whole-class questioning and class discussions helped students to develop their 
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understandings but conceded lhal sometimes lime for discussion was limited. Ms Brown 
considered that students did not o llcn think about what llH.:y WL:r<.; doing: 
Ms Brow11 I think wu so111cti111cs they come i11 a11d think it 'sjus/ a hit ofa game. 
Something lo fiddle with mu/ play around with and f 've found se11ens 
aren 't risk takers when ii co111<!S to making uh drawing conc!usions. Jl1e)' 
want to k11011• if the answers right he/ore they will have a go. 
She was aware of gender equity issues and this was also a consideration within 
the school. She showed concern for the level of written and graphical work produced by 
the students ensuring that the work was clear and well labelled. 
Science Topics and Lessons 
Science topics 
Science topics were chosen in collaboration with the other Year 7 teacher. The 
topics covered were mainly in the physical sciences but they had also completed some 
Transition Science (Curriculum Branch, Education Department of Western Australia, 
1986) activities designed to assist the transition from Year 7 to high school, which 
included biological topics. 
Lesson structure 
Ms Brown's lessons were normally one hour long but, because of the time slot, 
the lessons in the study were about 75 minutes each. She indicated that, \vhen she was 
teaching ful l  time in the classroom, she had an extra half hour lesson during which the 
students generally completed their write-ups, but since taking on extra responsibilities 
she: had not had this extra time. 
Most of M s  Brown's science teaching involved hands-on activity work, usually 
in groups but occasionally individually, with the students also doing some partner work 
in mathematics. The tandem teacher also used group work in social studies. 
Ms Brown's science lessons had a similar structure to those in the study 
a'ithough she indicated she normally included less discussion. She generally expected 
the students to do formal write-ups of their investigations consisting of an  aim. the 
materials used, the method used, the results and a conclusion. 
Ms Brown followed the fonnat of the first three lessons, completing them i n  the 
1iesson time. The last lesson was not finished in the allotted time and Ms Brown said she 
would complete the work, the Summary sheets, allcr lunch. Unfortunately, as Deputy 
Principal, she was called away but completed the lesson the following afternoon in a JO 
minute lesson segment. 
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Ms Brown's Approach to Teaching the Electricity Topic 
Prior to the series or lessons Ms Brown taught lwo o f  the lessons on light lhat 
were supplied. 
Use of Class Time During Electricity Lessons 
The total amount or teaching time for the topic of electricity was five hours 41 
minutes and, as the school did not use a siren at the end of lessons, they sometimes 
continued into recess resulting in some restlessness from the students. Forty-four 
percent of  class time was used for group work which included hands-on activities and 
within-group talk about the activities. A further 25% of class time was used for who!e­
class discussions and 3 1  % was used for class and task management. There were very 
few interruptions to the lessons. Generally Ms Brown followed the lesson outlines. 
Lesson 1 :  Circuit Construction, Current and Current Flo,,· 
Ms Brown followed most o f  the lesson outline. Students drew possible circuits 
on paper with selected students invited to draw their ideas on the blackboard. They then 
tested the suggested circuits. After each activity there was a whole-class discussion 
although the discussion after construction of circuits using one battery, one globe and 
one wire contained no conceptual ideas and only identified working and non working 
circuits. At this stage Ms Brown reminded students that they needed to discuss where 
the electric current was in the circuit and the direction in which it was flowing and then 
conducted a brief whole-class discussion on the topic. After the students had constructed 
circuits using one battery, one globe and two wires, the whole-class discussion 
developed some understanding of connecting points on a battery and reasons why 
circuits might not work. Ms Brown did not allow students to discuss the Summary Sheet 
but, as a long period of time was allowed for each section or  the sheet, the students 
worked together. The ammeter demonstration was completed with limited explanations 
from Ms Brown. Prior to the ro!e-play, she explained what it would demonstrate but the 
discussion afie1wards was limited. As the lesson was c:omplcted early, it was suggested 
that the teacher allow students to go back to activity one as only two or the possible four 
circuits had been constructed by the students. 
Lesson 2 :  Conductors and Insulators 
Ms Brown followed the lesson fonnat wi th detailed discussions about which 
material s  were conductors and which were insulators cxtt:nding the discussion to relate 
the concepts to real lifo. The students incorporated switches into their circuits hut the 
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ammeter demonstration was omitted. Some predictions were made and justi lied prior lo 
the final activity, where the students constructed circuits lo examine the difference in 
glob e  brightness when different voltage globes were usc<l with a 1 .5 volt battery. 
However, there was no conceptual discussion aflcr the activity, only feedback as to the 
brightness of the different voltage globes. The groups discussed and completed the 
Summary Sheets. At the end of the lessons, Ms Brown handed out a related !iomc 
project constructing either a nerve tester or a quiz board and related this to the 
identification of conductors and insulators. 
Lesson 3: Series Circuits and the Relationship between Battery and Globe Voltages 
By this lesson Ms Brown considered that students were not co-operating well in 
their groups and organised the groups to sit boy, girl, boy, girl numbering the group 
members. After a brief review of the final activity in Lesson 2, the class started the first 
activity, adding extra batteries t o  a circuit containing a 4.8 volt globe. Ms Brown talked 
the students through the first part of the worksheet, asking the students by number to do 
parts of the activity so all group members participated. \Vhen working independently, 
the students were each instructed to do a part of the activity and pass it on to the next 
person. After each act i vity, selected students were asked to draw the circuits they ha<l 
made on the blackboard and Ms  Brown asked the students to mark the positiYc and 
negative on their circuit diagrams with the relevance of this being covered during the 
discussion. She generated an understanding that the addition of batteries increased the 
vol tage that was available. An incorrect circuit produced by one group generated a 
useful discussion of where circuits needed to be connected to a!low the 4.8 volt globe to 
light brightly. 
Prior to the second activity, connecting globes in series, the students were asked 
to predict what might happen with some students asked to justify their predictions. A lter 
the activity there was some conceptual discussion indicating that the addition of extra 
globes where one 1.5 volt battery was the source of energy resulted in dimmer globes 
because of the amount of energy available. Ms Brown did not include the ammeter 
demonstration or demonstrate globes blowing from the application of too much energy. 
There was a whole-class discussion based on the Summaiy Sheet prior to their 
completion but students  were not given group discussion time. However, students were 
talking in their groups as they completed the;: Summaiy Sheet 
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Lesson 4: Parallel Circuits 
Lesson 4a was at an earlier time than usual and Ms Brown had a dinicult start to 
the day with interruptions relating to her role as deputy principal. She haJ found less 
time to prepare for the lesson and rc1t less confident. Dancing lessons were starti11g that 
morning and this prospect was a major distraction. In this lesson there was initially a 
ve1y brief discussion related to the home projccl. Ms Brown then drew the classes 
attention to the class investigation, comparing the length of time similar simple, series 
and parallel circuits would continue working. The first group activity was constructing 
circuits with globes in parallel and the students were again numbered in their groups and 
expected to take turns. The construction of a series circuit instead of a parallel circuit by 
the Focus Group allowed Ms Brown to review series circuits and explain the difference 
between globes in series and parallel. Ho\Vevcr, the discussion relating to the results of 
removing a globe from a parallel circuit was inconclusive. The second activity was 
connecting batteries in parallel. The whole-class discussion relating to any change in the 
brightness of the globe when extra batteries were added in parallel was ambiguous, but 
during individual teacher contact with groups it appeared most groups did not consider 
the brightness changed. The lesson plan was followed up to the Summary Sheets stage 
when M s  Brown imposed restrictions on the changes that cou!d be made to the drawn 
circuit. The students were having difficulty and the teacher, on demonstrating the Oow 
of current through the ammeters, recognised that the imposed restrictions <lid not allow 
students to solve the problem. As it was the end of the lesson time, and the class 
investigation had only shown limited changes, it was decided to carry this investigation, 
and the Summary Sheets over to a follow-up lesson. The circuits were disconnected and 
restarted before Lesson 4b, the following day. During this lesson the class investigation 
was discussed together with the response that \Vas needed on the Summary Sheet and 
then the Summary Sheets were completed. 
Mr Carter and his Class 
The Class 
This class consisted of 30 students with 1 7  girls and 1 3 boys. There were no 
students that did not have a home language of English or who were born overseas. 
Student characteristics 
Mr Carter considered that most of the class were excellent workers but that eight 
of the boys could not be allowed to work together because their behaviour deteriorated 
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and they did not follow instructions. I-le eon1111entcd that most students worked well in 
groups although observation indicated that in some groups the boys were dominant and 
tended to be the equipment users. Mr Carter felt that in this class it was csscntial that thc 
students work in mixed gentler groups becaus<.: of the boys behaviour in all hoy groups. 
!mcr11iewer Y 01( had I he grol(ps so I hey were III ixed girls a 11d hoys. /Jo you feel it 
\\'ou/d lun'C? made a !or of difference ifyou Juul fwd ail girls in one group, 
all hays ill the other! 
Air Carter Um. Probahiy would have got a bit helter coopemtion at times. Uh, 
though the hays \VOl{/d not have cooperated well. Tiley would lwvejust 
gone ahead and done you know. The boys have ve,y liule self discipline 
and they needed the girls there lo keep them 011 track. (Post intcr\'icwJ 
Mr Carter did not consider they were good at following either verbal or \Vrittcn 
instructions. He stated that they did not listen to all instructions given and, where 
written instructions were used, the students tended to read the first instruction and then 
do what they considered was the activity. Mr  Carter allowed the students freedom to 
continue activities and allowed the students some independence. 
Composition of groups 
All the groups were mixed gender groups and stayed the same throughout the 
lessons. Most groups seemt:d to work well together although one group in particular was 
less cohesive and needed Mr  Carter's attention more frequently. The Focus Group. at a 
superficial !eve!, appeared to work together effectively but the recordings revealed very 
low levels of cooperation and a high proportion of ofl ·tJsh. bd1aviour. 
Students' academic ability 
When asked to rate his students on a scale or one to five shortly after the study. 
where one was very high and five very low, no students were level five, with nine at 
level four. Ten students were at level three, six students at two an<l live at one. 
The Classroom Environment 
Mr Carter's class worked in the same room as Ms Brown's cl:1.ss. The electricity 
posters were displayed although Mr Carter did not think the students had looked at 
them. He considered 1hat students rarely looked at the materials on classroom walls 
unless they were specifically directed to them. 
Mr Carter 
Academic lrnckground and teaching experience 
Mr Carter ha(I been teaching in primary schools for 1 3  years with experience in 
three schools. He had been teaching a Year 7 class at his current school for three years 
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but had two years of Year 7 teaching al a previous school and had also taught Year 7 
science as a support teacher for two years. At high school h<.: stu<licd g<.:ncral scicncc, 
chemistry and physics in Years 9 and ! O  anJ biology in Years I !  and 1 2. IJuring his 
teacher training he did two extra science units, one of  which was an environmental 
science course and he had also attended a variety of' science seminars. 
Science knm't·ledge 
Mr Carter was aware that his knowledge in some science areas was limited, and 
commented that there were students in the class who would know more about electricity 
than he did. On the one occasion when he was unsure he asked a more knowledgeable 
teacher in the school. Mr  Carter appeared unaware of the understandings that students 
might hold regarding electric current and flow: 
!vfr Carter It actually showed up i11 their diagrams of circuits they thought would 
work. I was amazed when some of the kids thought you just got a batte1y 
from, a wire from one end of the batte,y. 
Philosophy 
Mr Carter felt that science was an important part of the curriculum as it was 
practical and "gets the students thinking". He also felt that it should be fun and, if so, 
students would be encouraged to do more. He felt that students developed their 
conceptual understandings of science very slowly but considered that most students had 
some knowledge and his task was to get them to recognise that knowledge. H,: had 
attended courses on facili tation and said he tried to use these skills in the classroom. He 
also felt that students would go to a more knowledgeable student for infonnation. This 
was particularly relevant in the electricity topic as two students considered themselves 
very knowledgeable about the topic. 
He considered that students enjoyed science and learnt a lot from hands·on 
activities but that they did need to learn to talk about the investigations as they tended to 
talk about what was happening not why it was happening, and that conclusions were i�o\ 
often reached. He suggested that students have to be led to the understandings. 
Mr Carter 
later 
Yes. They deji11itc(v talk aho11t it, hut they cm1 do all the talking r/1('.1· /ikc 
1111til they actual(\! get their hmuls 011 and do soml'lhi11g and JJro1·c that 
they 'vc got a hypothesis that actually is correct. (Early in first intnvicw) 
Imerviewer Do you think when they are talking i11 their gm11ps and thcr arc 011 task 
that they arc act11al(I' talki11g ahout H·lwt 's happcni11g or ll'hat they 're 
doing! 
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A.fr Carter Yeah. T/1('.\', no they clan 't talk CIIOllf.!,h ahout the 111/iys. They talk ahout 
the what is happe11i11g. 71wrc 's vc1:1' lillle co11c/11sio11. Um. they /Juve f.!,OI 
hclta hut, 11111, as I said, this class isn 't a super af'lulemi(' class. Yeah. 
sure I 'vc �ol 1111' indivicltwls t/wt are lmt henwse tltev are u much more . . . 
practical sort tfh1111ch of kids they clo 11111 they do need /eacli11g 
Science Topics and Lessons 
Science topics 
Mr Carter taught the same topics as Ms Brown in his Year 7 program. He 
showed enthusiasm for the topics when discussing them and seemed to generate this 
enthusiasm during the lessons. He also sometimes arranged for a teacher from the local 
high school to come and do occasional 30 minute science lesson� and felt this was 
useful because the high school teacher had a deeper understanding of the topics. 
Mr Carter tended to avoid the biological sciences because he felt more confident 
i n  the physical sciences and also considered students enjoy hands-on physical science 
activities more: 
lvfr Carter No. Um mainly I want the kids to get their hands 011 lo stuff and to get 
involved in it and plus I'm more competent doing you know ph1 ic{ti 
sorts of science. Um, yeah. So that 's why I trnd to steer thm m .. ,· and I 
just think the kids react /Jetter to it 1/there 's a lot you k11m1· they cw1 gel 
their hands 011. 
Lesson structure 
Mr Carter's lessons were nom,ally an hour long and a similar 1"'1gth of time was 
allowed for the lessons in the study, although he admitted that if any iesson \\'as going 
particularly well he would extend the time. This was demonstrated in tnc first of the 
electricity lessons when the lesson ran for nearly two hours. His nonnal science lessons 
were similarly structured to those taught in the research, although he includcJ fo\\ er 
questions and less writing. However, the writing he required from students was 
generally a fomial science write-up including aim, materials, method, results and 
conclusions. 
Mr Carter had been doing a considerable amount of group work in areas other 
than science encouraging the students to discuss, co-operate and rc.1eh consensus and 
considered the students were good at working in groups: 
Mr Carter Particularly to 11:v to gel 1hc111 into cooperation and co11sc11sus rather 
than arguing mu/j11st yo11 know one h/okc decides ll'hat 11·c 're going to 
do sort of thing. 
Researcher Yes. 
Mr Carter We do. And they are \'CIY good at group work this mah. 
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Examples given by Mr Carter indicated that science tended to cn.:t.:p in to other 
curriculum areas in ways that would extend the students' understanding. l ie.:  conceded 
that integration did not happen on a regular basis and that the amount was nol large. 
Mr Carter's Approach to Teaching the Electricity Topic 
Prior to the series of electricity lessons Mr Carter taught two of the lessons on 
light that were supplied. Generally, when the children came into the classroom, they 
organised their seating quickly but tended to be off-task at the beginning of the lessons. 
Apart from the first lesson, Mr Carter's lessons generally ran for about an hour, 
although the students did not complete the Summary Sheets during this time but either 
had class time after recess to complete them or they completed them for homework. 
Use of Class Time During Electricity Lessons 
The total time for the electricity lessons was five hours 34 minute<; with a further 
unknown amount of time used to complete the Summary Sheets for homework. When 
the sheets were completed for homework, the varying quality and quantity of work that 
was handed in  suggests that the time varied from student to student. Forty-fiye percent 
of lesson time was used for group work which included hands-on activities and group 
discussions. A further 30% of lesson time was used for whole-class discussions and 
25% was used for class and task management, with a very small amount of time taken 
up with interruptions. 
Lesson 1 :  Circuit Construction, Current and Current Flow 
Before starting the activities, Mr Cmtcr discussed safety explaining that the 
students should not consider using the electric current in their houses. He followed most 
of the lesson outline with students initially drawing circuits that might be constructed 
using one wire, a batte1y and a globe on paper and selected students drawing circuits on 
the blackboard. After the circuits had been constructed and tested, Mr Carter used the 
blackboard drawings to identify working and non-working circuits with the students 
very involved in the discussion. During this time two Focus Group students had lKL 
blowing globes and Mr Carter used this as a teaching point for the \vholc class. The 
students then drew diagrams of possible circuits using twn wires, a battery and a globe 
and, again, selected students drew them on the board. The groups constructed their 
circuits and Mr Carter then asked which of the circuits drawn on the blackboard work<xL 
There was little conceptual discussion although some understandings might have been 
developed by some of the descriptions used. Mr Carter copied the focus questions onto 
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the blackboard and asked the groups to discuss thL:m. J\s tlw group discussions appeared to be going wd!, Mr Carter extended thi:; lesson to one hour and 48 minutes, and did the ammeter demonstration and role-play activity in this time. I-le also visited some of the groups and faci[i ,ati..:<l their discussion on direction of current flow and conducted a whole-class discussion about what was needed to make a working circuit. During the ammeter demonstration Mr Carter explained how a globe holder worked, after encouraging the students to brain-stom1 why the circuit was not working. The groups worked on the Summary Sheets and, i f  unfinished, the students were asked to complete them for homework 
Lesson 2: Conductors and Insulators Mr Carter started the lesson by reviewing some of the previous \vcck's work. The students then constructed a circuit to test materials for conductivity with Mr Carter asking them to break the circuit by disconnecting two alligator clips and then find some way of  getting the circuit to work again without directly re-connecting the alligator clips. The students found a variety of ways to re-connect the circuit using conductors or re-connecting the circuit in a different way. When the polystyrene foam and the drawing pins were connected into the circuit with the drawing pins apart, Mr Carter questioned the students to generate the words 'conductor' and ' insulator'. The students then tested the supplied materials. Mr Carter blackboarded a list of  conductors an<l insulators and asked the students, in their groups, to work out a common prorerty of  conductors and a common property of insulators. Having obtained a common property from one group he then asked the students to produce some 'therefore' statements suggesting the resul!s of putting these items in a circuit. Mr Carter used the ammeters to demonstrate that when the circuit is disconnected there is no flow of cutTent, generating this idea by discussion with the students. Before testing the 1 .3,  2.6 and 4.8 ·volt globes with a 1 .5 yo\t battery the students, in their groups, were asked to predict what might happen. They then tested the globes and recorded their answers. Rather than ask the students to discuss the Summary Sheets, Mr Carter asked the students to talk about what they had done in the lesson with the students completing the Summary Sheet for homework. The discussion appeared very limited with several groups socialising. 
Lesson 3: Series Circuits and the Relationship hctwcen Battery and Globe Voltages Mr Carter started the lesson by reviewing some of the things that had already been covered, and also discussed what happened when a globe was blown. He then reviewed the final activity of  the previous week and asked students to discuss in their 
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groups how a 4.8 volt globe could he made to shine brightly. /\Her bringing the class 
ideas together, Mr Carter told the students to make the globe brighter. When the groups 
had completed their new circuits, selected groups demonstrated them and Mr Carter 
drew diagrams of them on the blackboard. The connections \Vere strongly emphasised. 
The students added the third battery and again, selected groups showed and talk<.:J about 
their circuits. M r  Carter drew the class's attention to one circuit where the students had 
incorporated conductors as well as extra wires, and used it to demonstrate what 
happened when one battery was reversed in a series circuit, using an analogy to help the 
explanation. In  the second activity the students were intended to initially make a circuit 
with one 1 . 5  volt battery and a 1 .3 volt globe and then add, one at a time, a further two 
globes in series, so that they could see the brightness of the globes diminishing. Mr  
Carter asked the students to immediately join the three I . 3  volt globes i n  series with the 
result that some groups were unable to get three globes to light and they had not tested 
fewer globes. The students were asked to discuss why this was happening but there was 
no further whole-class discussion on the topic. M r  Carter had photocopied the focus 
question sheets and asked students to discuss the questions. The Summary Sheets were 
not discussed but the students were allowed class time after recess to complete them. 
The ammeter demonstration was not used. 
Lesson 4: Parallel Circuits 
The lesson started with a review of some of the things that had been co\-ered in 
the previous three lessons. Mr  Carter then drew the students' attention to the whole­
class investigation, comparing the length of time similar simple, series and parallel 
circuits would continue working. He then asked the students to discuss how they would 
add an extra globe to a simple circuit without disconnecting the circuit, with the students 
then constructing the circuit. After t\ie parallel circuits with two globes had been 
constructed, selected students drew diagrams on the blackboard with Mr  Carter 
describing the circuits that they had made. The students were then asked to add a third 
globe to the circuit and test to sec what happened when a globe was unscrewed from a 
globe holder. The discussion <1bout the effects of  removing one globe was misleading as 
the students considered that, when a globe was removed, the remaining globes were 
brighter and M r  Carter accepted a student response indicating that there was now more 
energy available for the remaining two globes. The second activity, connecting two 
batteries in  parallel, was completed with the class discussion indicating that the globes 
had gone brighter. Once again a student drew his circuit on the blackboard with Mr 
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Carter <lcscrihing it. Mr Carter asked thl! class what would happcn ir  one hallcry was n.::vcrscd in a parallel circuit am! asked tltt:m to try it. : le gairn;d an cxplanation from a class member and used an ,malog.y and mli.:-pl.iy to rei11 !l>rcc the explanation. Mr Carter then drew the students' attention to the class invcstigalinn and asked them to offt:r statements .ihout what had happent:d. The students wcn.: givt.:11 copil!s ofthr..: focus questions from the h:.">snn outlim:.'i mu! a.skcd to discuss these. The Summary Sheds m.:rc complch:'d without fut1hcr dist:ussion in class time after ,t!h:rnoon recess. 
Sumnrnr� 
The three classes were in similar situations and, architecturally, wen.: similarly styled schools. The student and staff population varied in size and, at hoth schools, then.: was a perception that science was not \vcll taught. All three teachers were experienced teachers who had taught Year 7 students for some time, and they \Vere all confident science teachers, with past study experience in the physical sciences, although Mr  Avery had the most experience. Ali the teachers felt that science was an important part of the curriculum. The classes varied in size but the students \Vi thin the classes had a similar range of abilities. All the teachers followed the lesson outlines to some degree with some differences in content. The time allowed for the lessons in Ms Brown and Mr Carter's classes was similar, although Mr  Carter's students did not complete the Summary Sheets in this time, with Mr Avery spending about a half-hour extra on his lessons. This is accounted for by the extra lesson conducted by Mr Avery which would have given the students more practise in building the circuits but in which there was little conceptual discussion. The lesson area that showed the most difference was the amount of time allowed for and the nature of the Summary Sheet discussions and completion. The students in Mr Avery's class only completed two Summary Sheets, one of which was completed without discussion. Ms Brown's class completed all the Summary Sheets within the lessons, with one sheet completed ·.,:ith no official group discussion; one with a whole­class discussion and no official group discussion; one with group discussion only .:md one with both whole-class and group discussion. M r  Carter allowed group discussion in the first lesson, and had the sheets compkted during the lesson and finished for homework. In the remaining lessons there was no group discussion specifically on the sheets, although the students usually had the focus questions to discuss, with the 
S I  
students completing the sheets either in class .iHcr n.:ccss with no further discussion, or 
for homework. 
Another area of difference was the use of the focus questirnis. Mr A very used 
them us questions li)r the group discussion in Lesson I and discussed some of'tlicm wHh 
tlu: whole class a lh:rwards. I le also used them in most of the cml of the k:sson review 
si:ssions. �-ls Brown did not n.:fcr to thcm during the lessons with hl'.r ll:sscms sorrn..:t ime;, 
not co,·cring spccifi.c points because of this. Mr Carter uscd the focus questions to 
promote discussion in the groups in three lessons, hut did not include any wboli:;.class 
discussion on them. 
This Chapter has provided a general overview of the three classes in the study. 
The following three chapters look at each class in greater detail. Chapter 5 examines the 
whole-class interactions and the ways that the tc,1chers managed and conducted the 
discussions and demonstrations; Chapter 6 outlines the teachers' inter:1ctions \Vith the 
groups and the children's level of participation; and Chapter 7 examines the Focus 
Groups and the way the group members managed the activities and interacted with each 
other. 
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('I IAPTER 5 
\Vhole-class TcachinJ!, in the Three C'lassrooms 
( ) \'l' r\' i l' \\' 
This Chaph.T is an on:r\'icw of  the l! ..:;1ching and interactions that the three 
teachers engaged in  \\'hen conducting whok·class discuss1ons. h,llowmg tht: ovcrv1cw 
of the thrci.: teachers· \caching. the discussion kads to tht.: dc\'clopmmt of assertions 
These arc numbered in order of pn.:scntation throughout this lhcsis and h,m.: a pn.:fi x 
which indicates the chapter numbcr in which they originate. 
Classroom l\lanagement 
Mr ."wery was a quiet teacher who maintained a friendly attitude towards the 
students and he allowed them to call him by a shortened ,·crsion of his name. lie sohTJ 
most potential control problcn1:. during wholc�class discussions hy mentioning the 
relc\'ant student"s name in the course of his talk. or by asking an off-task student to 
respond, although on occasion stronger measures were taken: 
Mr Ave,y Bob. can you disco1111cct tlwr wul yo11 go and sit n);ht i"n the hack corner 
as well. AIU! I'll hm·e some more ro say to yo11 to.'110rro11·. ! Lc�son ., 4al 
Off-task behaviours occmTed more often in discussions during the lesson \\'hen 
students had equipment on their desks, rather than at the beginning or end of the lessons 
when the equipment was not available. To reduce off-task bcha\"iours during discussions 
that involved demonstrations, the students were often asked to come to the front of the 
class. For the discussions at the end of the lessons students were asked to turn their 
chairs around to face the teacher rind appeared generally attentive. 
Whole-class Discussions 
Mr Avery's discussions were quiet but animated. involving many of the students 
in the class. Students offered suggestions and ideas and were willing to argue points 
with which they disagreed, with Mr Avery accepting and using their ideas. Jn one 
lesson, after Mr Avery had used an analogy to explain how the parallel circuits worked. 
a student suggested anmiwr way of connecting the globes in parallel. This was drawn on 
the blackboard and discussed. The students also asked questions about the topic under 
SJ 
I 
consider;1tion and questions which wcrc not ncccssarily dirc<.:tly n.:lakd to thc current acti\'ity hut demonstrated their interest in thi.: topic 
Studt'III Jl111 ho\\' does I fzt' hafll'IY nm 011(1 ( 1.�·wm I h J Mr AYery USL'd l.'.Jrl'llits constructed hy thc studc11ts and s1t1tknt hlackhoanl drawings hl i l lustrate L'Xplanations. l k  �cncrally a'iked sludents to do any hlackhoard drawing whilst the class wcrL' still ,rnrkmg 011 act1,·1tics. This rcsulh:d Hl the class paying al\L'ntion whl'n the diagrams wi:rc used in thi.: discussion as they did not ha,-e to watch the diagrams hcing drawn. I f  students m.:rc drawmg on thc hlackhoard whilst the other stuLicnts watchL·J. i\lr A\'ery explained the <liagrarns as they were <lrJ\\" 11. maintaining the stuJents' atlcntion. l ie frequently used practical demonstrations. blackboard drawings. posters and analogies to explain concepts. with practical demonstrations close to the students so they could sec clearly. He also asked students to assist in the demonstrations. As he used the teaching aids. he constructed explanations that were able to be understood by the students and related the acti,·ity to the concept being taught. The students were im·olved in evaluating the blackhoard drawings not only through discussion. but also making the necessary c wngcs to correct the diagrams. On one occasion, when the students were watching, a ·.,;tudcnt drew a diagram on the blackboard with Mr Avery explaining her circuit as she drc\\'. Hom:\Tf. the globe tli<l not appear to be attached to the battery. The attention the class paid to the \\·ork was emphasised when this was queried by another student: 
Student 8111 how would ii s1 ·ck to the hattcry? ( Lesson lh)  
Interactions and Use of Time in Lessons This section examines the types of interactions that occurred in whole-class discussions; the way the time was used; and the use and explanation of scientific and non-scienti lie vocabulary. 
Types of interactions during whole-class discussion Fifty-seven percent of the total lesson time was used for whole-class discussions including task and class management. This time was used for two broad puqmses; reviewing previous work and treating currcnl activities. Mr Avery used different types of interactions including open questioning where students, rather than presenting 
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specific, factual, correct answers, were expected to think and produce a variety of 
explanations; closed questioning, where a factual correct answer was anticipated and 
once found the teacher moved to a new question although he sometimes expanded the 
student's answer; and teacher exposition where the teacher dominated the interactions, 
usually describing and explaining, sometimes using analogies. 
An analysis of the interactions shows that 64% were made by Mr Avery and 
36% by the students. Generally, Mr Avery's utterances were longer than those of the 
students. 
Reviews 
Mr A very spent over 30% of the discussion time reviewing work completed 
during that or previous lessons (Figure 5.1) with 28% of Mr Avery's utterances and 
26% of student utterances related to this (Figures 5 .1, 5 .2). 
Whole-class discussion: Teacher utterances 
Reviews 
28% 
�I� 
Managerial Conceptual General 
6% 22% 0% 
Treatment of current activities 
72% 
�I� 
Managerial Conceptual General 
39% 31% 2% 
Figure 5.1. Use of whole-class discussion time: Teacher utterances 
Mr A very controlled the direction of the reviews although he was willing to be 
diverted. He reviewed at the beginning of most lessons and the end of all lessons and 
also during two half-hour lessons when the investigations were discussed and written­
up. He also reviewed ideas that students needed to understand within the lessons, 
addressing most of the concepts being covered during his review sessions, with some 
being visited more than others. The frequency of the reviews allowed opportunities for 
the students to make links between lessons and between parts of the lessons and allowed 
students who had been absent to find out about previous activities. There was no science 
equipment on the desks during the final review sessions, resulting in a class that was 
generally attentive and involved. When reviews were held during lessons, Mr A very 
often asked the students to come to the front of the class although some were held with 
students at their desks. The students were generally attentive, but some were distracted 
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by tht.: availability of thr.: materials. Only <,%, of the uttcram:cs were rcl,1tl:d to management with the remaining being com.:cptual hut, hccausc he \!.:rukd to use circuits in his discussions. tht.:rc was a proportionatdy high kvcl of task rdatcd c<HJltllcn\s. Mr :\very used ;1 \'aridy ol'aids during tht.: n:vicw sessions, i11c lud111g models, po.'>lcrs and hlackhoanl work. The class management comnwnts occurn.:d mainly when thl: studi.:r1ts wert.: gct,ing organised for the discuss1t111. j\fost or the conn:ptual discussion innlln:J tc,1ch(:'r exposition and closed questions but 3('.·!J of  tht.: questions \\Trc opl:n (L1blc 5 . 1  ). These usually occurn.:d al the beginning of discussion on a topic to sec what the students could recall. 
Mr A1·c1:r 
Saulc11r 
Ire changed rhe rite glohc. Wltat liap/H!llctl to !he hrigh111c:s.\· ·1 Oh. i1 gor d1tllcr. 
MrAl'l'I)' Yea h. II di,"1 'r seem to hm·e rhe same cner,1:y. :I 111/ ll'lie11 \\ ·e used r he ./. 5 one mu/ 11·c still used 1/,c same /.5 mlt hallery it clidn 'I produce 11111ch rf a glow al al!. So what's that tell us ahow the g/ohe ilselfwul rhef;/amc111 that's i11sidc it. Zoe:1 
St11dent Um that it needs the rnlts 011 the casing of the glohe to make it /1gh1 up t1J 
its hcst. ( Lesson 3) The range of question types used by Mr A\'ery allowed more students to respond and a \vider variety of responses to be offered. The lesson outlines suggested focus questions that could be used to help manage the reviews. Mr  Avery used these on two occasions but did not complete the discussions bc!;sed on them. However, most of the concepts addressed by the focus questions \\·ere covered by Mr Avery in his comprehensive discussions. 
Student participation in reviews Mr Avery ensured that a variety of  students were asked to respond to questions and the students were usually attentive and interested in the discussions. Many ofthcm offered suggestions and ideas, and answers which included extra infom1ation. They also asked questions which did not directly relate to the discussion but which showed evidence of thinking. A small percentage (2%) of student utterances was related to task management where students were involved in demonstrations and were suggesting changes to the circuits. Most of  the student utterances were conceptual with most hdng responses to closed questions ( I  0%) although 4°/c) of utterances were responses to open questions (Figure 5.2). A few closed questions ( J <X,) were also asked by students (Tnhlc 5 . 1 ) .  
Sh 
I 
'" - " 
Rt'\'lt'WS 
1 1 "  -- " '" - " 
I Jt'almcul of c1111c11t all,v11 1r•, 
(,'>'i;, 
� I �  
.\hmagt'r w I f ·, JJKTptua I f J!:Jle! al 
N.B. A fun her 91'.·;J of slUdcnt comments were unintell igih!e 
Figure 5.2. Use nfwhok-class discussion ti 1m:: Studc:nt u\\erances 
Treatment of current activities 
The remaining 70(1;1 of ,\·holc-class discussion time was used to discuss the work 
in  which the students were currently engaged with the remaining 72%, of uttcr<mces hy 
Mr Avery and 65% by the students related to this (Figures 5 . 1 ,  5.2). Thirty-nine percent 
of Mr A\'ery's utterances related to management, most of which rcfern:J to tusk 
management. ,vith 1 1  % related to managing student behaviour. The percentage of 
teacher utterances where understandings might be dc,·e]opcd ( J I  '!·i1) \\·as lower than 
those related to management (39°1(! ). 
Teacher and class interactions 
Part of the whole-ciass d iscussion time was used to gi\·e i11struct1uns for the 
activities and Mr Avery usually asked a student to read these. somcti 1m:s repeating the 
impoI1ant points. The groups then progressed through the ac!i,·itics. usually at their 0\\"11 
speed. but occasionally being directed by Mr A\"ery. During the time \\'hen Jiscussion 
was intended to develop understandings. two-thirds ( 1 9%) of the utterances were 
explanatory and one-third ( 1 1  'Yo) questions, with nearly half of these (5%) being open 
(Table 5 . 1  ). Mr Avery's explanations were always clear and understandable and he 
often involved the class in generating ideas before giving the correct explanation. The 
actual time spent on open questions was longer than that spent on closed questions 
because of the length and variety of  the responses that were accepted and elaborated 
upon. Open questions occurred at any stage ofthc lesson. Sometimes thcy were used to 
generate predictions, and sometimes to ascertain the understandings that students had 
dcvclorcd: 
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l'a11/justjoi11 that om• 011 to !hat end there. No, 11/i you ('t111 lcavc that 011. 
Now prediction. Are they going Jo he any hrighler'!. (Lc.,�on 3/4aJ 
A fti:r accepting a variety of answers in a neutral manm:r, Mr A very askcd a student to 
connect in the extra globes with thl! cnsui11g discussion explaining what had happcm:d. 
After the activity testing for conductors and insulat()rs in Lr.:sson 2, Mr A very 
drew the students' ;1llcntion to a piece of galvanised wire which had not conducted lhL: 
electric current: 
Mr .·h'l'IT Okay. it it:\· a ml'lal. 1\1ayhc it dit/11 'r work. Whal 1s one of the reaso11s 
1d1y it may nor work? ( Le��on 2) 
The students suggested J variety of reasons hut did not arrive at the correct ans\vcr and 
Mr Ave!)' pointed out the different colour of the surface of the wire and the insick: and 
related this to the idea of an insulating coming. 
Mr A.\'ery showed an awareness of the types of understandings students may 
have and used this to obtain a range of responses. A common misunderstanding that 
students might have rclate:1 to the direction of current now in a circuit. In Lesson 1 a, Mr 
Avery questioned the studmts to ascertain their beliefs and, in the same lesson segment. 
demonstrated some other a,;pects of current now. There ,·ere diagrams of working and 
non-working circuits on the blackboard and Mr Avery used the working circuit 
diagrams and a cardboard template of a battery to help demonstrate the ideas that were 
discussed: 
Mr Ave,y 
Student 
Mr Ave,y 
Studellt 
Mr Avery 
Students 
Mr Avery 
Okay. So the electric current we said is the jloH' of electricity. Where's if 
f!O\vingfrom? That's the big question. 
From the battery going into the glohe. 
Okay, it's coming from the hattery mul it 's going to the glohe. Okay, 
tha1's the flow. Now in order to happen. what would happen if I did that. 
(He erased part of a wire in a working circuit) There's my wire, !'i·e cw it. 
It wouldn 't work. 
It wouldn't work. So have we got a_flow now? 
No. 
Okay. I've got my hattery. Here's my hatte1)' eve1J•o11e. (He held up the 
template of a battery) Have I got a flow of c11rre11t? It 's stored H'ith lots of 
energy in there. Have I got a flow of) Who thinks it has? f-/a,u/s up. (A 
few students, rather tentatively, put their hands up) Who thinks it hasn't? 
(Some students, again tentatively, put their hands up) Okay, we lwve11'1 
got a flow. We haven't got a circuit. We haven't got a a co11ti111w11s 1111th. 
If I put that i11 there (He placed the template on a diagram of a working 
circuit) There it is. it's flowing. This 011c (He moved the template to 
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Roh Mr Al'c1:r 
ftm Mr A1·c,,. 
Em 
Mr A,·e,i· 
Em Air A1·e1-r 
,mother working circuit) Arowu! it'.\'_/lowing. /Jrws anyone know where ii starts awl wl,crc it 1·111Js/ Who'd !ikl' to l,m•c a gul'ss ut it? lloh. It ends at the p/11s. The 11osilil'l'. 111crc's our 1msitil'1', tllf'rt' is, you l,a 111' a look at yo11r halll'rics. )'uu'1·c got ,1 sign 011 thl'rl'. 11 pos1til'l'. Sl'e 1f.1·011 r·w1 locali' tl. There it is 1ws11it·c. 11p thcrc {Show!.:d on a hath:ry) 1111'nfon· ilw ho11t1111 part mmld he 1u•ga!i\'('. ,\'o lloh .rnys that 11 11·01ild star 11 1nmld £'/lfl 1111 here hack t1J the 1wsitin•. ( iood \\'f!rk So lw's .rnggcstfllg Iha/. I/ho agrees ll"ith Hoh:) fr f'umcs /iw11 hi'rc tl11s 1s //,l' 111•g11/I\'(' J!rll'I and 11 grw.\ rig/11 armmd to thac ut tlmmgh tlll' filame11t awl hack 1/Jm11gli //it're. 1 1'1,o agrees with tha() (Scvcral students raiscd tlwir hands) Okay .  Who's got wwt her opin io11 :) Ian. Um the .'!Ill 1l11•Jlo11· crmn·sfiwn hoth ends wuJJi11ishcs III the g/ohe. Okay. So the other 1/icm:1· 11011· is 1/,at it sutrls here and ii als" starts there ,111d thrn it goes /l·om i11 there. i11 /If' there. it 1rnrh i11 there (Ill(/ If also al the same time. it's got ro rnme thr,mxh that \\'(ff. (Usi;d a circuit diagram to demonstrate current now) ,)'o H'e\·e gol energy mming from horh scctio11s. Okay. that's another 1/ieory. Who else has go/ a thefJ/y:) 
Em. Um that it comesfiw11 the positive e11d. Okay, you're sayi115; it goes the olher u·ay. Ami it does11 'r stop. So it comes from the posilil'c !here am/ xoes aro1111el that ll'ay, comes through here in there anti hack lo the 11egalil"l'. Okay. 11-/w agrees \\'ilh tl,at the01:1·? (Sc\'cral hands up) :Ill right. okay. / Ll's�on 1 J 
Mr Avery reinforced ideas in a variety of ways with the stl](lcnts' understanding being developed by the use of diagrams, analogies, discussion. demonstrations and group work. The demonstrations, in  which the students often part1c1pated. were linked closely with the activities in which the students were engaged. Student blackboard diagrams were used to demonstrate ideas. but usually these were dra,,·n \,·hi 1st the other students were working. However, if the students were drawing and the class watching, he offered explanations and ideas as the diagrams were drawn, helping to maintain the students' interest. He often used models made by the students to reinforce or demonstrate ideas. His wide range of knowledge of this topic allowed him to present information that was outside the concepts being discussed, such as static electricity and an explanation as to why some globes started Oashing. However, he was also able to use ideas that the students came up that were not included in  the lesson outlines. Mr  Avery generally covered all the materials in the outlines, hut adapted them to fit his style of teaching. 
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Student participation 
As with all Mr An:ry's discus::;ions tht: s\u(lt:nts were t:ilhcr turned around Ill 
tht:ir chairs m moved to the front oflhc dass if a dt.:mo11strat1011 was HJVt)lvcd. ·1 1w 
students wcrt: usually attc11t1n: and shmn:d mterc"I and wcn.: kt.:cn lo partH.:1p;1tc 
Student utterann:s during this lyJH.' 1 1 1 "d1scu<;s11i11 ag,1 1 1 1  wcrc <;i1111lar 1 r i  nu111hcr !<1 
Mr An:ry's. ThcrL' was a high proportion of u1rn1tdlig1hlc uttcram:es dut.: lo rccf!n!u1g 
di fticultics. and some that wcn: unn:latcd lo the topic Student'> made h:v.: cr u!li.:ram: c<., 
related lo manag1:1m:nl. During the conccptuct! d1scu<;s1on the students were mvol \'!:d 111 
constructing cxplanat ions hy :.1r A very· s methods of q ucst inn Ing. \ fost or t ht.: 1 r 
utterances were responses to questions. with CJ".,;, he111g responses to closed question:. and 
1 3% were responses to open questions (Tahlc 5 . 1  J. The response<; from the students 
were often extend...:d gi\'ing extra information: 
Mr Ar. ,:r 
St11de111 
What nornwl(I" happens ru produce the light:' 
The energy.from the harrery comes through and gll"es the xlohe pr,wer to 
shine hur hecouse in rhe series Olll'. 1drh rhc series rmc. it has ,,., go 
around and there's nuf enu11gl, to 1w11·er them all. H.t·\,on 3 .i ,  
This gave Mr Avery an opportunity to recognise students' understandings. and he was 
often able to develop better understandings using 1his knowledge. Students did ask a 
small number of closed questions (3%) which often demonstrated the students· attention 
and were requests for clarification: 
Swdem Air A11e1:i·. 11·01dd11't the currclll run through tlw! par! us 11 c!l:1 The metal 
par(' (Lesson 3"4) 
Student What do you mean hy s1mppi11g it m·cr:1 ( Lesson ! J 
A further 7% of the utterances in\'Ol\'ed the students either telling �,fr A,·ery 
what had happened in their investigations or, more frequently, offering suggestions or 
reasons why something had happened in  demonslrations: 
Student 
Student 
Maybe it's not connected propcr(r or something. ( Lesson -IJ 
Oh, that's because yo11'1·c changed the lnlltc1:i· aro1mcl. ( Lesson I )  
Most of M r  Avery's utterances were related to management. some of which 
included conceptual infonnation, with explanations the next highest. and t1 ,tcstinns. both 
open and closed, also quite high. The stm.lcnts comments were also o!tcn related to 
management, but sl ightly more were responses to questions. mostly to closed questions 
(Table 5 . 1  ). 
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Table 5 . 1  
Interactions- Between Mr  Avery anti Student.'> i n  Wholc-cla!-i:,; Discussions 
Type of ullcr,nitc lkv1cw 'I 1cat111g c.:urrc11\ ac11vit1c'> 
Pcn:cnt.Jgc of uttcr,mcc<; frorn 
Mr Avery Sludcnts 
\1,magmg dass 111 group 
'.\tanag1ug cqu1pmc111 
\lanai::mg task 
E,planatmns 
Opcn 11ut·stm1b 
Responst·s to npt'll qucstmns 
Closed q11cst10ns 
Rcsponst:s 10 dosed qucsuons 
lnfonnation from smdcnts Jcunccptual) 
Task managt·mcnt (conceptual) 
L;nintelligtbk 
Other 
2 
4 
8 
3 
6 
5 
Use and Understanding of Scientific Vocabulary 
Introduction 
2 
4 
I 0 
4 
3 
2 
Mr /\very 
1 1  
2 
2(, 
1 1  
5 
,, 
8 
2 
Studcn1'> 
2 
2 
20 
13 
3 
9 
7 
2 
9 
6 
Although Mr  Avery used a variety of scientific tcm1s in discussions the students 
used few of the new scientific 1cm1s. The everyday words. such as battery. glohc and 
wires were used frequently. 
Mr A\'ery's use and explanation of scientilic Yocabulary 
Mr Avel)' used a mixture of scientific and non-scientific vocabulary offering 
explanations for some words and not for others. Words that were used frequently nnd 
during most of the lessons were ti1e common ones such as battery, globe. circuit. and 
electricity, with both energy and electrons used fairly often. He also. once they had been 
introduced, used the circuit names, series and parallel frequently. However, other words. 
such as conductor and insulator were used infrequently. There were some words that 
were not explained. These included everyday words such as globe and battery. where 
explanations may have improved the students' undcrst.:in<ling of circuits and current 
flow; and also words such as terminal and resistance for \vhich the studcnts may have 
had everyday meanings which were not easily connected with electric circuits. 
lJ I 
The explanations that were offered varied in quality, with some occurring incidentally in the discussion such as circuit and lihuncnt: 
Mr :h•crr 
Mr A 1·c1T 
Okay we lun·c11 't ;.:or 11.flow. We ha1•1•11 't ;.:or ,, dr('llff. IVi• lul\'('11 � j!,(Jf u ,1 
COll(illll/JIIS /Jc/lh. ( Lcs�mt l )  
171c .\JWin.-; i11sitlt'. 'l1wt liulcJila11w11t. Okay yes. /Li:\�on 1 J Circuit, however, was used frequently in situatio11s where the rm:aning was t:learly demonstrated. and other incidental explanations als11 on:um:d. Most explanations were rcasonahly clear ahhough some were limited as was the description of conductors and insulators: 
ll'lwt arc they? A good q11cstio11. Co11d11ctors someth111J.! rhal t ·o1u/11ct. \ 
electricity and something that does nor comfuct cfcctncity . fLt:\',(J/1 4 !  Other explanations were built up from student responses with the explanation then extended. In Lesson I .  �,fr AYery asked the students what an electric current was and accepted a flow of electricity. electricity flowing and mo\·ing electricity. writing all the explanations on the blackboard. He extended the explanation later in the lesson: 
i\Ir A \'err So the flow o.fthc current. thcjlmr r�{thc clectncity is acuwl(r thcJlo11· 
of the. a 11c11· 1rnn/ tlwl I'll i11trod11cc. rhcjloh· rfclccrmns anti clcctru11s 
go from the negatiw•. the 11cgatin!. rlu:1· go to the 11ns1//\ ·c ( l.t,,l,n I f  
Student use of scientific vocahulary The students, in the whole-class discussions. used the cornnwn \\\1rds such as battery, globe and electricity frequently and usually as names. although not as often as Mr Avery. Electric current and \·olts were also used often but the other sc1cnt1fic tcnns introduced by Mr Avery were only used infre4ucntly. The lli.tlllC-" of the circuits. parallel and series were only used three times each by students during the \d10lc-c\ass discussions and electrons was only used once. Some words used by Mr ;\\·ery such as resistance and terminals were not used at all by the students. 
Ms Brown 
Classroom Management M:- Brown appeared distanced from the class with no friend Iv interactions and she also had some control problems. Much of the off-task heha\·iour nccurrcd when the class was waiting for selected students to complete blackhonnl drawings as there was little to hold the attention of the remaining class members during this time. r..·1s Brown 
I 
tended to stop and :1lkn strongly reprimand students who \\/ere 1101 paymg .tllc111rou. 
interrupt mg any discussion. 
Stmlents remained at their desks liir all d1s1.:u'is1011s and tlcrnnn'>l1i1t1011-. althout!I\ 
they wcn: asked to turn aml 1"111.:t.: the !cacher. I Im\ evt.:r. 1111 1st s111dc11ts _1us! tum•..:d I hen 
heads ,md turned hack 111 their tksks as the d1sc11ss1011 prngn.:'.-.'icd. and the sncnt.:c 
malcrials providcd a d1str;u:l1011 
\\'hoh."-dass Discussions 
The discussions in � ls  Brow11·s class tended 1101 to he ;.1111111:.ih..:d or mh.:n.:..,t1ng 
and were rather slow monng. :\It hough the students were o!h:11 restless during tlw, tune. 
the actual discussions were \Try teacher controllc<l with no student<; arguing prnnt<, 1 ir  
suggesting altcmatiYc answers. They usually rcspon<lc<l \\ 1th single \\orJ<., or short 
phrases, with most only responding to the immediate 4m:st1on and offe:nng no c.\tra 
infom1ation and show;ng little c\·idence of extended thinking. This not only maJe the 
answers less easy to understand. it also limited any opportunities to rccogrnsc students· 
understandings. \\'hen the correct answer was obtarncd �vis Brown mo\·c<l on to the next 
question. She often called on knowledgeable students to answer questions. 
Ms Brown constantly used blackboard diagrams drawn hy students whilst the 
rest of the class sat and watched although they rarely staycJ watchmg for long and 
would tum back to their group. Any explanations by �Is Brown occurred at the end of 
the drawing and were limited. Student participation in these sessions was also ] united 
with few opportunities to e\·a]uatc or discuss the dra\\·ings an.I students were often using 
equipment or talking quietly among themselYes. lvts Brown used no analogies or 
practical demonstrations apart from two of the suggested ammeter demonstrations. 
These were held at the front of the class with students still at their Jesks from where 
they would not have been able to see clearly as the ammeters were small. The discussion 
in these situations was limited with little opportunity for the students to participate 
beyond single word responses. 
No discussions went beyond those suggested in the lesson outlines and they 
often did not cover the focus questions. 
l)J 
I 
Interactions and Use of Time in Lessons 
This section examines the types of interactions that occurred in whole-class 
discussions; the way the time was used; and the use and explanation of scientific and 
non-scientific vocabulary. 
Types of interactions during whole-class discussion 
Fifty-six percent of the total lesson time was used for whole-class discussions 
including task and class management. As in all classes, whole-class discussion time was 
used for two broad purposes; reviewing previous work, and treating current activities. 
Ms Brown used different types of interactions during whole-class discussion time. 
These included open questioning where students, rather than presenting specific, factual, 
correct answers, were expected to think and generate explanations; closed questioning, 
where a factual correct answer was anticipated and once found the teacher moved to a 
new question; and teacher exposition where the teacher dominated the interactions, 
usually presenting information. 
An analysis of the interactions indicates that Ms Brown dominated the 
discussion making 72% of the utterances with the students contributing 28%. 
Reviews 
Ms Brown spent eight percent of the discussion time reviewing work completed 
during that or previous lessons (Figure 5.3). Only a small proportion the total utterances 
occurred during the review time, Ms Brown's amounting to four percent and the 
students to 7% (Fig. 5.3, 5.4). 
Whole-class discussion: Teacher utterances 
Reviews 
4% 
�I� 
Managerial Conceptual General 
1.5% 2.5 0% 
Treatment of current activities 
96% 
�I� 
Managerial Conceptual General 
54% 41% 1% 
Figure 5.3. Use of whole-class discussion time: Teacher utterances 
Only a few short reviews occurred from week to week, with limited reviews during the 
lessons. Ms Brown held brief reviews at the beginning of Lesson 2 and Lesson 3. The 
limited number of review sessions meant that few of the concepts were covered in any 
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lktail aml lhc stu<lcnls had less opportunity to mah links bdwccn ll:ssons and parts of lessons. Students who had been absent ha<l little opportunity to fin<l out what work ha<l previously been completed. Although the science cquipment was on thc desks during the review sessions a t  the start of the lessons, it was in a hox an<l not easily accessihll:. 1\.fa Brown used no teaching aids t..luring the review times. A small proportion of th� time was used for explanations and nearly half the time was used for management. The remaimkr was taken up with closed questions which usually elicited short answers from the students: 
Ms Bro\\'11 
Ti11a 
Ms Brown 
Tina 
Ms Brown 
Tina 
Afs BroH"n 
What did you require in your circuil please, n,w? 
A baUe1J1, a glohc and some wires? 
All right. (writes battery on board) What else did you need? 
A g/ohe. A globe. (writes globe on board) What else did you require? 
Wire. 
Wire. (writes wire on board) Okay, you required those compo11ents. 
(Lesson 2)  Ms Brown did not use the suggested focus questions in  the reviews and many of the concepts were not covered. Student p�rticipation in revien·s Ms Brown's students showed little interest in  the review discussions and were often talking or using the materials if  they were available. Usually the knowk:J.geable students were questioned ai�d. when students with less understanding were questioned, it was ;i,pparent that they had not been listening attentively: 
IY!s Brow11 
Ja11e 
Ms Braim 
Jane 
IY!s Brown 
Jane 
Ms Brown 
Lmy 
Ms Brown 
Lucy 
Ms Brown 
Could some ho,�\' repeat what Paul's just said? Perhaps you, Jane. 
Um. 
What were the parts that actual(r moved around the cirrnit. They ll'ere 
called the 
£/ectro11s. 
Electrons. And what did they pick up as they went through the hatte,:\·'! 
Energy. 
They picked up the energy. And as !he energ as the energy 1rns taken 
from the huflery where did the energy go? What was the energy used.for'! 
Lucy? 
The glohe. 
To ligh1 
The glohe up. 
Okay. to make the glohe light up. So l'\'£.'llllwl(,· as r!,e e11ergy of the 
harrery 11111 disappeared the glohe would go the battery woult! go flat. 
( Lesson 2) 
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The answers that students offered were ollcn l imited and Ms Brown had lo qui.:stion them at length to obtain comph:tc answers. In this example, the lack or a cohcsivL: response with no summary from thL: teacher nrny havc resulted in l imited Lmtkrstanding by the students. There were only a small number of managerial comments hy the students during the review time and these were mostly related to the discussions about the Summary Sheet when this provided the basis for the review. There was one closed question \Vhcn a student was clarifying Ms Brown's question and the remainder of student utterances were all responses to closed questions (Figure 5.4). 
\\1110\c-class discussion: Student utterances 
Reviews 
7% 
� I �  
Managerial Conceptual General 
0.5% 6% 0.5%, 
Treatment of current activities 
85(% �1--------
Managerial Conceptual General 
19%, 63(Y,, 3% 
N.B. A further 8% of comments were unintelligible Figure 5.4. Use of whole-class discussion time: Student utterances 
Treatment of current activities The remaining whole-class discussion time, 92%, was used to discuss current work and the remaining 96% of Ms Brown's utterances and 85% of student utterances related to the treatment of current work. Fifty-foui' percent of Ms Bro\\'n' s utterances related to management, either of the class or the task (Figure 5.3 ) .  
Teacher and class interactions Ms Brown tended to direct the students in the !asks rather than allowing them to follow the written instmctions and students did not move on to a new activity until directed. This resulted in a high level of task management uttcrnnccs: 
Ms Brown Righi. Ju thL,; Jes.soil you 're going to use mu/ ir 'II he a lirrlc hit [?(rep 
repetitio11 .fi·om what you tlicl last week. 1'011 're goi 11g to make a circuit. 
But this time you're goi11g to use rhc glohc ho/tier hcca11sc rhea 11·i!l he 
importalll hccm1se we're going lo 11:\· tlt{(c:rcnt si::.ctl glohcs C\'Cllfually. 
When we start off !he globe you're 10 use is !he smallesl glohc. fou 'rc 
going to need to make !he uh circuit 11si11g !he a strong elastic hand 
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arowul the halle1:r so that yo11 ,·an act1w{(11 clip the hulldog dips or the 
alligator cli/JS rnthcr 011 to !he ha((e1y. So yo1t'rc going lo use Ilk wires 
which have the a II t)!,Cl/or clips. Okay. A II(/ you 'II clip the a.'/ igator dips 011 
to either end of the halfel)' and then either .rnfr of the glohe ,:o that your 
circuit is. :J/1 right rhc11. I'd like you, and you notice that in your diagram 
you hm·e 11,:0 wires 011 011e side which arc co1mef·ted c!tj,ped together. 
( Lesson 2)  Olkn, when a student read out the instructions from the worksheet, r/.s Brown rcpcatcd them. In Lessons 3 and 4, Ms Brown structured the class so that all students had a turn at constructing and the instructions were given step-by-step. During the discussion intended to develop understandings, six percent of the utterances were teacher explanations. Ms  Brown's explanations varied in quality, with some being clear but others were often fragmented because of the control problems. She also, possibly because of the acoustics in the room and the constant talking by the students, often could not hear \vhat the students said, further fragmenting the explanations. Twenty­three percent of utterances were closed questions and often related to the construction of the circuits or the results that were observed, rather than developing conceptual understandings, with the answers from the students generally short. A further 3%i of the utterances were open questions where the students \Vere expected to generate ideas (Table 5.2). However, over half of  the open questions asked the students to predict what might happen and these were not followed-up in subsequent discussion. 
Ms Brown 
Eric 
Ms Brawl/ 
S111de11t 
Ms Brown 
Greg 
Ms Brown 
Greg 
Okay, I want you to make a prcdicrionfor me 11011· / 11w1! you to predict 
what will happen if_rou use one hallcr_r. fou'\'l' seen 11·/iar ha11pc11s 1 1·i1h 
.1-·our / .2 globe then yo11 can use the ncx; si::e glohc a/Ill rhcn the nerr si::.c 
g/ohc. What do you think ll'ill happen as yo11 increase the si::.e l{thc 
globC!? Who can prl'dicl? Eric. 
It uses more energy and gi\•es out a greorer light. 
You think it'll use more energy am/ gi\·e 0111 a greater light tfyou 
il1crease the size of the globe. 
Yeah hecause it can take in more *** energy. 
That's an i111ercsti11g idea. Who who agrCC?s ll'ith Eric? Thinks 1hc g!ohcs 
are goi11g to he hrigluer as you increase the si:c o.f the glohc/ Okay. Who 
has another theory? What's your thcm:r Greg:) 
The light will grow dimmer. 
You think the light will grow cli111111cr a11d I rhink you're had a fiu/c 
experiment thac too. Why do you think thC! light :<; going 10 go dimmer:' 
Um * the electricity as it trmds through a11d the ** smaller �loht'. [ .'111 
has more electricity *all Jiu' light energy so bigger glohc 11·i// go dimmer. 
( i .1..'SSllll :! ) 
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Ms Brown's tone of voice and wording in hi.:r response to thL: lirst answer indicated that it w.�, probably not right and all the students' n:sponscs after this followL:d th<..: patlt:rn SL':l by Greg with Ms Brown positivdy evaluating thl: n:sponses. Then: was 110 d iscussion atlt.:r the investigation to reinforce thi: understanding \Vith only tht.: hrightness of  the globe commented on. Generally. when questioning, Ms Brown di<l not accept a variety ofanswL:rs hut d iscontinued questioning alter the first correct answ<.:r. !vf s Brown' s  questioning provided no indication that she was aware of the possibi lity of alternative frameworks. Ms  Brown used few teaching aids, with blackboard diagrams drawn by the students providing a basis for some of the discussion, although this often did not develop any understandings or the understandings were not strongly reinforced. In Lesson 3 students drew diagrams of series circuits containing two batteries on the hoard: 
!vis Brown 
Lucy 
A1s Brown 
Right. Thanks Lucy. And that 1rnrked quile H"efl did ir? 
Yes. 
Thank you. Okay. how many people fwd a cirrnil like Lu(y ·s 1rherc you 
had connecting to a negatire and then the next wire co1111cc1i11g ro the 
positil'e and to the negatire of the next hauerJ".' The H'ire in hetm.!en the 
two haueries right around. Who had tlwr 011c:1 Okay. ( Lesson � I  A further student drew a diagram with no Jiscussion at all about h i s  circuit. \.Is BrO\\'Jl followed this up by asking the students what happened when hallcrics wcn: Joined with the two negative or two positive tenninals together. La!Cr in the lesson diagrams with three batteries in series were drawn on the blackboard with no conceptual discussion. The only teacher demonstrations were the two using the ammeters. On both occasions there were some limitations in Ms Brown's explanations. The first demonstration showed that the amount of current i n  the two \\'ires of a circuit were the same. Although Ms Brown's ammeter readings \\'Cre incorrect her explanation and questions indicated this. However. there was only limited emphasis on the current passing through the globe and, as the class was inattcnti\'c. those studcnts with a bi­polar view or current flow may have only focussed on the readings. which may ban: reinforced their view. On the second occasion the batteries connected to the ammt.:ter were connected i n  parallel. The students were attempting to complete Summary Sheet 4 011 \\·hich � ts Brown had placed restrictions as to the changes they could make and made lht' p1\)hkm impossible to solve. During the course of the demonstration, Ms Brown recognised that 
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she had made the problem unsolvahk. She talked through Ille develop111e11t ofhi.:r understandings as she did the demonstration: 
Als Hrow11 I J 'ith this c1111111t·tcr, it shrms _ro11 tllf' ,1111u1111/ uf 110\H'/' go111g thruuglt tlw circ11it. 1\'011·, 11t 1,rcsc11f J /,(J\'C /1n, ha111 ·rH'.\. co11111·cl1•d am/ / /ui\'1' tlit' right 1111101ulf 1fpo11·er n1111i11g. With //us 1111111wter II .\hO\\S yo11 till' 
a 11101111t o(f W\l'l'r go111g t hrnugl, I ht' , ·irn111. No11. al /!rl ·s1•111 I Ii// 1 ·1· /11 o h11llt"ril'S co1111ectcd 1111d I hil\'C tltc nglir a111011111 rfto11 l'r nJmtllg thro11gh to light lf/J that u111/ it's 111 o, /Us/ 01·er Jill' /11 'J 111  o h11111/red 11111 amps. Okay. f(/ d1sco1111t'c/ this otha ha1tc1:1· d11/ yrm 110!1n· the lll'<"dlcs chllngc at alf:J So it's still the Sl/11/C 11111u1111t ofpo1n:r co111111g through and pahaps {(/ .nrnp onT, j11st 11·011tler111g �l l can take lht.\ other h1111e1:r ,mt. lllkl' this one 011r. (Pause) So it doesn't mallcr 11luch ha11c1y ! d1snm11ccl 
I .\"I ill c11d l lfl 11"1 t h the same a111ow11 of po1\'l'r. ff l'n· got I II o ha llaies co1111ectcd up i11 paralfcl 1hc sw11c amount ofpo1n:r comc.1· through 1hc circuit. The same a11ww11 of c11Ngy comes 1/irougli the L·ircuir. ff I disco1111cct the first hallcry. 1/,e cm10111ll (f energy coming 1hro11gh 1/ic circuit's the same. ff I clisco1111cct 1hc second hattcry the er sm11c umounl ofcirc11it coming 1hro11gh the through the c{r the .WIIIH' amo1mt rf energy comes through the circ11it. I \\"ow/er here. do you tl1111k you might need to mid m.-other hallcry to make ii work longer:) ! Lc\�on 4 )  Howe\·er. the students may not han! understood what was happening as  a comment from the most knowledgeable student in the Focus Group indica1ed: 
Neil ll'hat 's 1/11�,; got to do ll"I/h if.') ( J .c-,�nn .i l Ms Brown CO\"Crcd all the practical acti,·itics that \\·ere in the lcssnn outlines. hut rarely added any extra conceptual infonnation. Her rather limited knm\ kdg.e mea111 1ha1. on the few occasions when the students e.xtcnde<l their ,rnrk. sh1..· needed tl) ask for help in assessing what had been done. 
Student participation Students generally found it hard to remain on�task and attenti\'c during :,...is Brown's discussions and demonstrated little enthusiasm. They were asked to tum around but some students turned back to their desks shortly into the discussions. The percentage of student utterances in the general wholc·class discussion \\·as similar to Ms Brmvn's. with 8% of them not understandable (Fit!urc 5A). lhev - . contained a high proportion o r  responses to closed questions (-IH!u) and a high number or  questions c lari l"ying the task ( I 8%) (Table 5.2 ). During this discussion time the students tended to be talking or  using the equipment, particularly during the blackboard drawing by students. \Vhcn ask1..•d to 
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respond their answers were limited and offcn ..:d only the i nformation that was reqtwsll:<l. They did not e:-.:h.:w.1 their .:lllS\Vcrs, limiting the umk:rstanding Ms B rown would have or their ideas. They rarely commented on or added to olh<:r stutknts' answers and wen.: not involved in constructing explanations. They only asked procedural questions .ind did not offer suggestions or ideas. 
Table 5.2 Interactions Between Ms Bro\Vll and Students i n  Whole-class Discussions 
Typi: of utti:ram:c Rc\'iew Tn:ating current activities 
Managing class or group 
Managing equipment 
;,..-1anaging task 
Explanations 
Open questions 
Responses to open questions 
Closed questions 
Responses to closed questions 
Information from studi:nts (conceptual) 
Task management {conceptual) 
Unintelligible 
Other 
Ms Brown 
0.5 
0.5 
2 
Percentage of utterances from: 
Students �s Urown Studenb 
22 
3 
0.5 29 18 
6 
3 
12  
,, _, 
6 46 
) 
s 
s 
0.5 3 
Most of Ms Brown's utterances were related to management with 8% involving some conceptual component. There were very few open questions but the next highest amount of utterances was closed questions. The students were also im·o\\'ed in many management utterances but the highest category for students was responses to questions. both open and closed (Table 5.2). Use and Understanding of Scientific Vocabulary Introduction Ms Brown used a variety of scientific terms during the lessons. but they wcrt: often used only within the lesson teaching that particular concept. The stud�nts used fc\\" of the new tem1s, although the everyday words such as battery and globe were used frequently. 
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!\ls Brown 1s use and cxph111alion of scicntilic vocahul:iry 
Ms Brown used a mixture of scienti lie and non-scienti lie tcrms with oHcn only 
limikd explanation of the terms. Wurds and phrases frequcntly uscd hy Ms Brown were 
tht: common terms of  battery, globe and wires; and the kss common terms of" circuit, 
cni:rgy. positi\"e and ncgati\"e. Her limited usc of"worJs across lesson� is tk:rnonstralcd 
by her use of the tenn 'electron·, used frequently in Lesson I ,  threc tirncs during the 
review in Lesson 2 and not used again, and th1.; terms 'comluctl'1r' and ' i nsulator' used 
only in Lesson 2. She also frequently used the non-scientific term 'po\ver' during the 
later lessons. 
Some \vords, p:irticularly the everyday words such as globe and hallcry, \Vere not 
explained, although explanations may have improved the students' understanding of 
circuits and current flow. However, other less common words such as circuit and 
electric current, were also not explained. 
The level of explanation varied. The eX'.Jianation of some tcnns was very limited 
such as those for e lectrons and energy which were incidental :  
Ms Brown 
.Ms Brow11 
Okay •ve're going to use some students who arc going to he the electro11.s 
and tlm is the electricity. (Lesson J .  before the role-play) 
A.} rhe clccrrons mm·e through the hattery they gather energy wul you're 
going to gi\'e each person a parcel of energy as they pass. Right. mu/ 
they arc going to carry that . . .  But H·hc11 yo11 gcr to r:ric the cil'Ctrons arc 
going to pass some oft he energy 10 Eric so tlwr he has 1hc energy. ffhe 
was real(v a g!ohe he would light up. (Lesson 1 1  
Sometimes the explanations were built up during discussions and this was the 
case with the tem,s 'conductors' and ' insulators': 
Ms Brown 
Ms Brown 
Lucy 
Ms Brown 
Ms Brown 
Joa11 
Ms Brown 
Student 
Who has made their cirrnit work hyj11sr to11chi11g the drawing pins. 
Okay. 
What docs that tell you 0 '10111 the drall'i11g pinS:J frs. Luc:\<) 
fr means that the metal they're nuulc of conducts clcctricily. 
Right the importalll \\'Ord was it is a co11d11ctor. Just !ikc the alligator 
clips also are co11t!11ctors. Noll' scrwrutc the drall'i11g pins so that rhac's 
ahollf a 2 centimctrc gap hct11·cc11 them. Okay 
What do you notice happens? What t!v you n otice lwppc11.<) Joan? 
It does11 't 1mrk 
All right what docs it tell you aholll thc styrc11cfoa111 thc11/ }"cs:) 
It's not a co11ductor.(l .cssnn 2) 
Ms Brown then went on to generate the word that meant the opposite of conductor. 
I 0 1  
Several of Ms Brn\\' n's explanations needed to be clearer to ensure the students 
understood, such as those for scrics and parallel circuits: 
Ms Hro11·11 
Ms Bro\\'// 
Jfcc·a11sc you put the hallcrics yo11 Juul to consfnl('f fhem in some way so 
that they nm in orda So that you fwd positive to negative and so 011 111 
tltat pal'licular circuit and tltut is called a series circuit. f l .c�:-.on 3J 
With the parallel cirrnit ynu urc ahlc to put i11 extra J;lohes still with the 
011c hattc1:r hut yo11 'rc ahlc to rcta i II the amount of werJty going t hro11gh 
mu/ you cw1 act11al(r at/cl wwther g/ohe to that circ11it. (Lc��on 4.i) 
Student use of scientific vocabulary 
Students in Ms Brown's class used the common terms of battery and globes 
frequently with the less common terms of circuit and volts also often used, mainly as 
descriptors. Positive and negative were used often as was energy, with conductor and 
insulator used infrequent!:;, although Ms Brown did not use these to any great extent 
either. There were no words that Ms Brown used that the students did not use although 
some, such as electric current or current were used rarely. 
!\fr Carter 
Classroom Management 
Mr Carter had a friendly attitude towards his class and alien called !he students 
by nicknames during discussions. The clas� tended to be noisy and Mr Carter frequently 
needed to bring them back on task during discussions. Ho\\'cvcr. it \\·as often the same 
students \Vho were distracted and talking. He often stopped what hi: was saying and 
interrupted the discussion but the interruption was usually only a one sentence 
comment, and he would immediately get back to the discussion: 
Mr Carter Kids, it's important please that yo11 11sc. No /'111 l'mjust 1101 getting any 
cooperation at all. Thank you. It is important that you use the cq111jm1c11r 
that I ask you to use and 11othi11g else . . .  I promise we 11·i/l get 011 to using 
almost C\'eJ)'thing in your kit, othcrll'isc it 1rn11/d11't he there. { Lessnn I l 
His management comments were often l ight-hearted, but hc could bc firmer. 
Materials werc nearly always on the desks during discussions or dcmonstrations 
and provided a distraction for the students. Thc stmlcnts were somctimcs 1110\·cd to thc 
front of the class for demonstrations but usually thcy remained at their dcsks and. for 
these and discussions, were askcd to tum around. The studcnts tcmled to turn their heads 
only and tum back to their desks alter the discussion was under way. 
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Mr Carter was the only teacher who conrn1ented positively to the whole-class: 
Mr Carter I 11·t1s \'('1:1·. 1·c1:r imJin•ssnl ll'ill1 the 11•im/ 11/J Sl'ssion. Most grmtps :,.,.ot 011 
and rrnl�I' die/ clisrnss this ((/icmoon tl,ix rnd sessirm, JUll"tl('lliur6' the 
hack t11·0 groups, tit('.\' hotlt die/ aJimtostic_joh. ( Li.:w111 I J  
I-Ii: was also the only teaclH:r in tht.: study who, prior to the initial activitiL!s, 
discussed safety aspects. 
\\"hole-class Discussions 
Although there was some off�task behaviour, it was limited as his discussions 
were animated and fast and often diverted into areas other than those specified. He 
usually called on a range of students for answers but also sometimes aimed the 
questions at two knowledgeable students. Some students were occasionally willing to 
argue points and ask for infomrntion outside that covered in the lesson content. When 
ways that a simple circuit could be connected had bec,1 suggested, one student felt that 
two circuits were the same: 
Swdent 
,\Ir Carter 
Student 
That's just the same as having the glohe 011 the negoti\·e encl. 
ls it? 
The wire 011 the lm;,1p of the glohe goes dmrn i11ro ncguth·c so instead of 
having the 11111 wire 011 the er sere\\' part afit, yo11 lwn· ir 011 thc houom 
and it con11ects to the 11egatil'c, so it 's the same the same thing. ( Lesson l 1 
A few students also occasionally showed c\·idcnce or extended thinking. 
Because of limitations in the equipment, Mr Carter was unable to of
f
er a way or 
constructing a circuit suggested by a student but another student worked it out: 
Student J11s1 twist (ll'O ends oft he 11·ire together. ( Lesson I )  
Mr Carter sometimes used practical demonstrations and student models to help 
explain concepts with students sometimes moving lo the front to sec demonstrations and 
others held at the front of a seated class. He also used blackboard diagrams. a limited 
number drawn by students whilst the class was watching and others quickly drawn by 
himself. Students were often required to e\'aluatc or correct the diagrams. Because of the 
limited number drawn by students, the watchers were usually attenti\'e. Apart frnm 
responding to the teacher's questions, the students were not usually invo\\·cd in 
demonstrations, hut \Vere involved in the role-plays tlmt Mr C'a11cr instigated. He was an 
effective user of analogies. The structure of his discussions ensured tlwt students had 
I OJ 
substantial input with 1.;!Te1.;tive USL' or ope11 am.I closed questions. The sciL'ncc cquipmcnt 
w;.1s kit on thL' desks during discussions hut the students, although not always turm.:d lo 
face tv'lr Car!'-.'I", wei"L' generally invol\"ed in the discussion. 
Interactions and lJse of Time in l .essons 
This SL'ction examinL's the types of interactions that occurred in whole-c.:Jass 
discussions: thL' way the time was used; and the USL' and explanation of  scicnti fie and 
11011-sciL'nti fie ,·ocabu !ary. 
Types of interactions during whole-class discussion 
Fi fty-five percent of thL' total ksson time was used for whole-class discussions 
including task and class management. It was used for two broad purposes; reviewing 
previous work. and treating current activities. Mr  Caner used di fferent types of 
interactions during this time including open questioning where students, rather than 
presenting factual, correct answers, were expected to think and produce a variety of 
explanations; closed questioning, where once the factual correct answer was found the 
teacher moved to a new question; and teacher exposition where .'vlr Caner dominated 
the interactions, usually describing and explaining. sometimes using analogies and 
incorporating role-play by the students. After constructing a series circuit which 
included a reYersed battery, Mr Carter used role-play to explain what was happening: 
Alr Carter 
Mr Carter 
Mr Carter 
Mr Carter 
Studenr 
Mr Carter 
Student 
Mr Carter 
Stlldellls 
Mr Carter 
S111dents 
Mr Carter 
lfyou can imagine yo11 got a hig rnihrny engine here nwnc he a mihrny 
engine coming the other H"ay. 
Here. hop 011 this raihrny line. 
We're hoth the same si:e. Here comes the raihrny rngi11c. fo11 'n• got to 
come this ll'ay because you're a raihrny e11gi11c. What hap/JL'ns 11·/icn in' 
meet in the middle/ 
No, yo11 can't get off the ra mi!H"ay line ., et *. Come 011 rnihrny rngine. 
No. 110, no. You'\·e got to come this way because thar'.-i· the way yo11r 
engine's going. What happens 11·he11 u·c meet here? 
Stop. 
What happe11s ."J 
Collide. 
You stop. Does the. Does one keep going? 
No. 
So what� . going to happen in here:) (referring to circuit <liagr;.1111 on 
blackboard) It u·i/1? 
Stop. 
Stop. Okay. (Lesson 4) 
104 
An analysis or the interactions shows that (1'J%, wc.:n: 1w1dc hy M r  ( 'artcr and 
J I %  by the students. Generally, Mr Carter's utterances wcn.: Jongcr than thosc of the 
studi::nts. 
Reviews 
Mr Carter spent 1 3''.·;> of thc discussion ti 1rn.: n.:vicwing work complcH:d 111 that or 
preYious lessons (Figure 5.5). Ten pcrci.:nt or\t1r Cartcr's uttcr:.mccs and 1 2%, ofstuJcnt 
utterances were rdatcd to reviewing previous work (Figun.:s 5.5, 5.6). 
\\'holc-dass d1�i.:ussmn: Tc;id1cr utterances 
Reviews 
10% 
� I �  
M::mageria\ Conceptual General 
2"' '" 8'% O'" /() 
Treatment of curn.:nt act1\·nics 
9()';,, 
� I �  
�lanagenal Com:eptual (jcncral 
43%, 46";, I " " 
Figure 5.5 Use of\vhole-class discussion time: Teacher utterances 
Mr Carter reviewed at the beginning of the second and third lessons: at the 
beginning and end o f  the fourth lesson and often incidentally dunng the lessons. He also 
allowed time at the end of all the lessons for the groups to discuss \\ hat they had been 
doing although he did not usually elicit and check the ideas that 1hi: studi:nts \\'Cfi..? 
generating in a whole-class discussion and, as he did not \'isit a\l 1hc groups. there was 
no guarantee that the ideas they generated were correct. Gencr:11!y. Jurin� the rcYiew 
time the students, although not turned round in their seats. \\'Cl\� .:lllcnti\'L�. Tht.:' scienct.:" 
equipment was cm the desks during the whole-class reYicws but had usually been packed 
away by the time the groups were discussing the focus questions. In  the rc\·iews at the 
beginning of the lessons Mr Carter asked the students what they had learnt so for in 
electricity. This resulted in a discussion which followed the answers that students 
offered and some concepts were not reviewed in any detail. Usually i\1r Carter pursued 
the answers to extend the ideas being explained: 
Mr Carter 
S11ulent 
Mr Carter 
Scoll 
Whw's one of the i111portu11t terms that wc',·c come II/' H'ith:) 
A circuit. 
A circuit. Explain to me ll'hat a cirrnit is. lf'/wr: .. a ci,·< ·uir. S,·ote 
It'.., a. it's a thing that has a hattc1:1· am/ ll'ircs and n111s.fi·o111 thc eositi1·t· 
through the wires 11/J to a g/ohc mu/ 0111 the glohc to the 11cgc1rfrc. 
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l 
.\fr ( 'ar1t•r 
l't·tcr 
Mr Carra 
.-I lien 
Okay. J'l,11t'.,; 11of a had go. l't'fcr:' 
:I circuit i.r so1111•tlii11g 11 111cl1 dcC"tricily nm jusl �o mum! mu/ muw/. 
a\f Ill , Ill Ill . . · II/ C II : ' 
{ 1111. a nrde o(nm1110/H'llf.,·. ( l.l''>'>un 2 J  
ThrL'L' pL'rL'L'lll uf l\tr Cmtt.:r's utterances wen: explanatory and 4'X, closi..:d 
LJUt:'Stions. although ht.: did ask a ti.:w open qui..:slions (Table 5.3 ). However, the class 
h::1ukJ to he Vt.:I)' invoh·t.:J in ihL' rL'Vit.:ws bccausc of the nature of Mr Carter's 
discussions and, although hc ofti.:n qucstioned at length, he usually summarist:<l the 
answi:rs that hc had ohtaint.:J from the students to close the discussion: 
Mr Caner 
James 
Mr Caner 
Swde111s 
Mr Carter 
Swdc11ts 
Air Carter 
Jenny 
Air Carter 
S111de11t 
Swdent 
Mr Carter 
Roger 
Mr Carter 
Allen 
Mr Carter 
Okay. What do 11·e need to make the electricity \\'ork? We need something 
to make the clcctricil\" 11·ork. We do11't need a real tee/mica/ ansll'er. IVe 
just 11eed well one \l'urd . .James? 
A circuit. 
A circuit. Is that a circuit if it just comes 011t !here and .stops there:) 
(Demonstrates with equipment) 
No. 
What aholl! (f I hold it up there? Get a longer piece of) 
No. 
/ mean I can make it as long as ! like . .,.·hen's it goi11g to he a circuit'! 
When 's ii going to he a circui() Jc1111y. 
When a11other wire ** ofit. 
So I put a wire here. Afr lwttery'sjust there. l '\·e got a ll'ire coming out 
here o\'er to my glohe. Pw a ll'ire 011 that e11d 1hroH· it over there to 
Leigh. 
No, um. 
When the globe touches. 
So when the glohc to11ches here. Okay, when else might it he circuit? I 
agree hy the way, hut when else cm1 l make a simple circuit? A \'e1y 
simple cirrnit. Roger. 
When all the pieces are joined. When all the pieces arejoi11ed. 
Whrn all the pieces are joined. Okay. What would he my simrlest 
circuit? A{\· simplest circ1dt? A lien? 
Hm•ing a wire ID the bottom of the glohe and then the £,!11er the silver 
part or the other hit of globe to the top of the hat1ery. 
Yeah. If lj11st fwd my hailer) 11·ire 0111 to my glohe, globe sit1i11g, 
pro\·iding the ll'ire's not touching the hrass hut1011. I've got the brass part 
touching the hal!ery it�,; got lo go lo the end. Okay. Providi11g the wires 
going to the end and the brass pan's 011 the positive ter111i11al or the :i11c's 
011 the tcrmi,wl and the l l'ires 011 the edge. {Lesson 1 )  
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l'vlr Carter frequently reviewed ideas inci<lentally and 011 some occasions the 
review si:ssions turned into a teaching-learning sessions: 
Mr Carta 
Cieojf 
Air Carter 
Gc�/r 
Mr Carter 
Studrnt 
iHr Carter 
Gemma 
A;/r Carter 
Colin 
Mr Carter 
Colin 
Mr Carter 
Fiona 
Mr Carter 
Fiona 
Mr Carter 
Renae 
Mr Carter 
Tell ml' whar 11•il/ lwp1w11, Gcrdf the 111a11 of experience, what will 
happen ifyou p11joi11 111orc than 011e rft/l()se hig halleries with rhe lirtle 
g/ohc? 
fr 'JI hlo\\'. 
Jr'/1 hlow. Whar docs thar mean? I'm sony. 
lt'/1 1101 \\'Ork any more. Jr'll 1wr work any more. 
Jr:,· a term we 11se all rhe time isn't it? Oh, that glohe's h/mvn. What do 
we really mean hy ii ? 
Timi it's just gvne out. 
lr's gone out. But if I go over wul switch this switch over here the lights 
will go out, we/I these will come 011. Come 011 what does it really mean? 
Gemma? 
That there's 110 electrical rnrrent flowing through * it *. 
But these ones haven't got c111 electric c11rre11tjlowi11g through them and 
you wouldn't say these are hlmvn. Colin? 
It's broken 
What's broken? 
The light globe. The little *. 
Whereabouts is it normally broken? Fi? 
The little filament thing *. 
Good girl. It's a /ittlejilame11t broken. And what '.\· that done? 
It means that the light can't pass through it and make. 
Well, when the filament breaks you know you'\·e got a light he said as he 
looked for his chalk. Here we go. (Mr Carter drew on blackboard) Okay 
normal bulb something like that and it's got (drawing) Right? {(this 
breaks (erases part of the filament) What's it done? What lws aclllal�l' 
happened? Renae. 
It's broken the circuit. 
Good girl. It's broken the circuit so it wo11't work. {Lesson 3)  
Apart from using the focus questions from the lessons lo direct group discussion, 
they were not used by Mr Carter and, because the reviews were directed by the students' 
responses, some concepts were not covered. Students who were absent did not have the 
opportunity to find out what happened the previous week, and other students had less 
opportunity to develop understandings. 
Student participation in reviews 
Most of the students were reasonably attentive during the review sessions and 
became involved in the discussions. The students were mainly involved in responding to 
closed questions (9%) during the review time although a small number of responses 
( I %) were to open questions. However they were expected to justify their answers. A 
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sm;.1\1 amount ( I "  u) or i:om::t.:ptual typl.'. inforn1;1t1011 w;1s also ofli.:rl.'.d, usually in l11L'. !(inn of cxplanatinns of the nrniits th1.·y had L:onstructl.'.d or ohsl.'.rvations thl.'.y had made: 
Student l ·111. It dul'.\'11 1[ work i(o111· f1J1td1111g the hn1ss hll and 011r· to1U"ht11g thr' *. 
I Lc\',l>ll I J Students snmctimt.:s conm1cntl.'.d llll m rl.'.actcd to otht.:r students' comments and were willing tn r1.·spnnd to \lr l'arlt.:r's alt.:as. I ! is method cif quest1crni11g rcsu]tl.'.d in the stmknts o tkn being invllln:J 111  constructing t.:xplanat1ons. 
Rt:Vlt:\\'S 
1 2",, 
�1----------
�tanagcria\ Conceptual r ieneral l l"o 
·1 n:atrm:n1 of current aem·it1c� 
� 1 ----------�lanagen.il Concep1ual (ienera! 
I ,,,. - " 1 ,,/ " 
N. B. A further 6% of student comments were unintclligihlc Figure 5.6 Use of whole�class discussion time: Student utterances 
Treatment of current acti\'itics The remaining 8 1  % of discussion time was used to examine current activities Figure 5.5 ). Ninety percent of 7'.tr Carter's utterances and 81° " of student utterances during the whole-class discussion time were related lo treating current aeti\'itics of which 43'X) of Mr Carter's comments were related to m:magcment (Figures 5.5. 5.6). Twenty-three percent were task management with the remaining related to class management. Forty-six percent of utterances related to the dcn:·Jopment of  understandings. 
Teacher and class interactions Mr Carter sometimes used the instructions that were written on the sheets, but often changed them, either to encourage the students to think and discuss before they did an activity, or to make the task open-ended. He sometimes extended the activity: 
Mr Carter I H·,mt you to work out a co111111m1 propaty l!{tlw.H' ( insubtors). :I commo11 1,ropcrty ,�(lliusc (conductors). What's co111mon aho111 these 011c two r hrec j(J11rfih' s1\·? IJ'lwt '.\' cm11111011 a ho11 I 011c l\\'o t hrcc (cmr fi I'('? I . . . mrnr you to work out 011c co11111w11jil('rorj<Jr these six anti wwthct co11111w11 .f(1ctor 11ot the same co111mo11 fi-1clorfOr hot h . . .  { Lc$son 2) 
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\Vhcn: the- discussion was intcn<ll:d to dcwlop urnh.:rstanding, J tiXi of the 
utterances were t�achcr explanations, which were gcncrally clear and involved tht.: 
students i n  dcvdoping the explanations. Twcnty�six pcrc<.:nt wcn..: questions with ()'Xi 
open and 20%, closed (Tahk 5.J). 
M r  Carter also usually ensured a variety or answers were obtained bcfon: 
confinning the correct response and, although his responses were not neutral, they did 
not indicate the correct answer initially. When he was demonstrating a circuit containing 
ammeters for the first time, the circuit was connected except the globe was loose. The 
students were asked to suggest why the globe was not lighting and, although the correct 
answer was obtained in the second response, Mr Carter encouraged more answers before 
stating the correct one. 
Often, the structure of the discussions enabled students to be involved and 
encouraged them to think: 
lvfr Carter 
Student 
Mr Carter 
Carol 
Mr Carter 
Carol 
Mr Carter 
Carol 
Mr Carter 
Carol 
A-fr Carter 
Students 
Okay. So explain to me how the circuit works. Start with this batte1y 
here. 
Energy goes through the battery. 
Slz sh. Carrie 's going to do it. 
Okay. * the batteJJ' ull the batteries um all facing the one the same way. 
Okay. •• 
Good girl. So where's one ivire going/ram, Carol, to? 
One batte,y to another. 
But what part of the batte1y1s it going/ram'! 
it goes from positive to 11egati\1e. 
It goes/ram the positive to the negative through rhe hattery out the other 
end from the positive to the 
Negative. (Lesson 3) 
Although Mr Carter needed to question to get a full answer, he did summarise the 
response, using a diagram to show the flow of current. 
The students were frequently asked to suggest ways of solving the problems they 
had been set or to predict what might happen when an action was taken with Mr Carter 
then following up the results. When the students had a circuit set up with three batteries 
in parallel, Mr Carter extended the activity: 
Mr Carter lfyou turned the second hattery arowul, Derek 's got his so that the 
positive's up this end, negative's up that end, ifwe lllrn that glohe (sic) 
around, what do you think would happen. SIi. You're:' not allowed to do it 
yet. 
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It'll stop working. 
Sh. Stop working.' 
71,c glohc'/1 go 0111. 
St11dc11t 
Air Cartt'r 
Swdcnt 
Mr Carter Nu. yo11'vej11sl done ii. I do11 1/ ww1/ /o hearji·rm1 you. I wmtt lo hcarjiwn 
people \\'Ito //IT doing ii tltc honest 11·ay. 
Jlr Carter 
Emi(r 
Mr Carter 
Em. Whal do yo11 1hi11k will happen? 
I think that ii 11111 will go olll. 
Why:) 
Emily Because. 
A.fr Carter You 1hi11k ft will go out. Wfi., ,  do yo11 think ii will go olll? 
1\lr Carter Come hack to yo11. Don't stop thi11ki11g. Think. Come on. Somehm(v else. 
What's yollr prediction, Roger! 
Roger ft 'ii go really dull. it'll go real(r dllll hecause. 
Jv!r Carter It'll go real(v dill/. Why do you think it'il go really d11/I'! 
Roger Because there's still some * energy then hut ii ��· 110t ve1y *. 
The students then did the activity and the ensuing discussion looked at what happened: 
J.;fr Carter What do you think the problem there might he then. 
Swdent 
Mr Carter 
Student 
Mr Carter 
Leigh 
Mr Carter 
Mr Carter 
Terry 
Mr Carter 
Student 
Mr Carter 
**  the circuit **. 
What's the problem What's the what's the problem in the circuit. 
That we haven't got the wires fixed properly. 
Good girl. They're not. The wires probab(v aren't working as well as they 
should be Leigh? 
**  battery **. 
So. All the energy that's coming that way mu/ back around here. Whal 's 
this battery do when we turn it round positive to negative:; 
Okay. Remember that's coming (drawing on board) that H·ay, isn't it:J 
Well, up via the glohe. What's the energy from this halle1:r trying to do. 
TenJ,? 
Go the other way. 
Go the other way, and what's going to happen ll'hen things /)1'0 things go 
the opposite way? 
They're just going to slop each other. 
They slop each other. (Lesson 4) 
Mr Carter then used the railway engine analogy previously described. He also 
used relevant models, both his and the students', and blackboard drawings to help the 
students understand the concepts, with explanations that were usually clear. Students 
were sometimes called to the front of the class for demonstrations, but were often at 
their desks where the materials tended to distract them. He often used a strategy with 
which the students appeared familiar where, once an explanation had been developed, 
he would ask the students to give him a 'therefore statement ' .  This encouraged the 
students to think about their explanations and justify them or develop them further: 
1 1 0 
I 
Air Cartt•r 
Peter 
Mr Carter 
Stwic111 
Mr Caner 
Sr11dew 
Mr Carter 
Roger 
Afr Carter 
Allen 
A1r Carter 
Rightyo thc11. 71w11k you. SM,. /V/,o n111 tell lllt' a common /WfJf>l'l"f_\' o( a/1 
i11.rn/orors'! :Ill thl' i11s11/arors'.J Wlwl 's a nm1111on /'l"fJ/Jt'f(I' (f/ht' 
i11.miators(. , Peter'! 
Thcr'rc 11011 lllt.'tallic 
11/£:1·'rc 11m1 111eta/iic, tlten'.fr,rc. (ii1·e IIH' a state111ell/. 11wnjore? 
F:tcct ricity won 'r Jlow tl,ro11gh them. 
Electricity \\'oil 't }loll' through t Item. Fair ('11011gh. What else/ Thenjore, 
ll'/ta t dse? Come oil, gin.' me a .few tlu:rejrn·e stuteme11ts. 
ThenfiJrc I he c11e1g_1 · dol.'.\"11 � fW.\"S **. Tlierej()l"e l lte e11e1;;y docs// 't pass 
thro11g!t it. 
Therefore the energy does11'1 pass tltro11glt it. Fair rnoug!t. 
TherejOrc ifyo11 plll ii in a circuit it will hreak it. 
If. !  like this one. Therefore, ifyou pW it in a circ11it it will hrcak the 
circuit. I-Veil done, Roger. Alien. 
Therefore there aren't enough electrons i11 it. 
Therefore there aren't enough electrons in i11s11/ators. Fair enough. 
(Lesson 2/  
The supplied posters were on display both in Mr Carter's classroom and in the 
room where the science lessons \Vere held but Mr Carter did not refer to them. 
It is apparent from the examples that Mr Carter used his knowledge of electric 
circuits to extend the discussion into areas other than those in the lesson outlines, but the 
limitations of his knowledge also allowed him to accept answers from the students that 
were unscientific, possibly because they were difficult to understand. He demonstrated a 
lack of knowledge of alternative frameworks with some of  his responses. He did not 
include all the activities from the lesson outlines and did not address all of the focus 
questions. 
Student participation 
Generally the students were attentive and interested in the discussions although 
some groups were easily distracted. Although asked to tum around, not all students did 
so, but most were engaged in the discussion. 
Twelve percent of the student utterances were related to management with most 
(9%) being task management, usually responding to Mr Carter (Figure 5.6). There were 
a few comments which were unrelated to the topic and a further 6% where the 
recordings were unclear. The remaining 69% of utterances were related to discussion 
intended to develop understandings, of  which 49% were responses to closed questions 
which often involved the students in explaining how their circuits were connected and 
sometimes how they worked with students often extending and justifying their ans\\"crs 
(Table 5.3): 
1 1 1  
I 
I 
,'\'t11dc11t I J 'c added 1111n/lU'r honc1:1· so 1/1111 11 Lt ,mid gn•e 11s more 1·1wrg1· so ii 
\\'ou/il make the light g/oll'. I I .cv,on .1) Fourteen percent Llf fl'sponses wcrc lo open quesllons (Tahk 5 . .1). ·1 hen.: wen: a fi.:w ljlll'Slions from the stutknts which werc not procedur,11, mostly m the last lesson when stmknts were discussing the whok-i.:lass i 1 1\'csl1gatio11 looking at ho\o,.' long diffcn.:nl types of  circuits woulJ last: 
Stud em 
Colin 
/{ow come the m1e 11·ith 01:r: haller\"s ;..:011(' hrighl {l}u/ the ones ** '' 
They 11·tTl', 11·cre they a!l ncH' hallcries'! (Lcwm -1 )  There was also a small amount of in fonnation from the students, again mostly responding to comments by ivtr Carter but sometimes bringing things to his attention. 
Table 5.3 Interactions Between Mr Carter and Students in Whole-class Discussions 
Type of utterance Review Treating current actintic� 
Managing class or group 
Managing equipment 
Managing task 
Explanations 
Open questions 
Responses  to open questions 
Closed questions 
Responses to closed questions 
Infommtion from students (conceptual) 
Unintelligible 
Other 
�1r Caner 
3 
4 
Percentage of utterance<; from: 
Students :-.lr Carter Student� 
10 
23 9 1 9  
(, 14 
20 2 
9 49 4 
" 
Most of Mr Carter's utterances were related to management. HoweYCr. there was also a high number of questions and explanations, with most questions being closed. The students utterances were mostly responses to questions. either open or closed. with a small number related to management (Tahlc 5.3). Use and Understanding of Scientific Vocabulary Although Mr Carter used a variety or scicnti fie tcnns i n  discussions. the students tended to use fow of the new scientific tenns themselves, although the everyday words 
1 1 2 
which rd"cm.:d to objects rather than concepts, such as hattery, glohc and wircs were 
used more frequently. 
l\lr Carlt ..•r's usl' of scicnlific ,·ocnhulary 
Mr Carter used a mixture of scienti lie and non-scicnti fi<.; vocahulary o ffering 
cxphmation for some won.ls and not for others. The explanations wcrc o fkn part or  thc 
general discussion with Mr Carter sometimes encouraging the students to generate: their 
own explanations. Words that were most frequently used hy Mr Carter were battery, 
circuit and globe, with many other words being used frequently during the lesson in 
which the concept was discussed and infrequently apart from that. There were some 
words that were not explained including commonly used words such as globe and 
battery, where explanations may ha\'e improved student understanding of c ircuits and 
current flow. Other less common words such as electric current and electrons were also 
not explained. 
Some explanations were very limited. Although the students had constructed 
circuits with batteries and globes in series and parallel there was no explanation of the 
terms and the circuits were merely drawn and named at the end of Lesson 4. 
Sometimes Mr Carter's explanation were incorrect: 
Mr Carter 
Swcle11t 
Mr Carter 
So what can you tell me ahout these electrons that arc going through the 
wrong way? 
It slows them clml'II. 
It just slou·s them down. Are they creating as much ('I/Cl"!-.(\' lo get to the 
light'! Are the electrons. Je1111y. creating The .wmc u111ou111 ufcncrgy to go 
to the light? (Lesson 3)  
Mr Carter rarely ga\'e an explanation. they were genera!!y included 111 the 
discussion or generated during questioning of  students, with Mr Carter reinforcing the 
meaning by questioning .. 
Peter 
Mr Carte,· 
Peter 
Mr Carter 
Peter 
Because the foam's an i11s11laror 110t a co11tl11ctor. 
Shh.. Peter S just imroduccd a couple of hig \\'ords. Peter u·har hal'c m.' 
done'! 
The foam 's 1wt the foam ·s a insulator 1101 a conductor. 
The foam is_ <lll insulator. Foam isn't What (rn 't it? 
Conductor. ( Lesson 2)  
Further discussion elaborated on the meanings of the tcnns 'conductor' and ·insulator·. 
1 1 3 
Student use of scientific vocabulary 
Students in this class uscd the common words of h;11tcry ,111d glohl: fi·cqucntly, 
but also used the kss common words of circuit and energy often. Positive and negative 
and conductor and insulator wcrc used fairly frequently with most othcr h:nns rarely 
used. Tcnninals was used by Mr Carter and not the studcnts as w<1s scrics cin.:u it but, 
since this name was only introduced at the end of Lesson 4, thl! students did not gct an 
opportunity to use il. 
Discussion 
The Teachers' Management of and Strategics Used During Whole- Class 
Discussions 
Whole-class interactions need to consist of teacher-class interactions in the form 
of discussions which allow students to demonstrate their understandings and allow the 
teacher to help students move towards more scientific understandings (Solomon, 1 989). 
The amount of time spent on whole-class activities was very similar between the 
three teachers. However, Mr A very used considerably more o f  the discussion time to 
review work than either Ms Brown or Mr Carter. In  all of the discussions the teachers 
dominated the interactions. No studies have been found that examine the breakdown of 
time usage in primary science lessons but constructivist approaches to science teaching 
( eg. Cosgrove & Osbome, 1985a, 1 985b; Driver et al., 1994) indicate that the whole­
class discussion component of the learning is  needed to ensure c;!1 !Jcnts become aware 
of other understandings and arc introduced to new ideas. Al I three teachers engaged in 
whole-class discussion using the time in different ways. However, overa\1 the amount o f  
management interactions during whole-class discussions tended to take up about ha!f o f  
the whole-class discussion time, with Ms Brown using more than hal f the lesson time 
and both Mr Avery and Mr Carter slightly less than half resulting in them lrnving about 
10% more interactions related to conceptual matters than M s  Brown. 
Assertion 5/1 
Approximately half of the interactions i n  primary science lessons of the type 
studied, relate to management of the task or of student behaviour. 
The three teachers' class and discussion management was very different. Both 
Mr Avery and Mr Carter had a friendly relationship with the students whereas Ms 
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Brown tended to he mon: formal in her interactions both with thl: whole class and wilh 
grnups. Fr:1scr ( 1 ')1) ! )  stated that studi..:nts pn:!Crn:d a Jllorc positive <.: l;1ssroo111 
environment and this was demonstrated by thc willi ngness of tlw students in hoth Mr 
An:ry's ;md ivtr Carter's classes to participate. Thi.:y wcn.: also confident crnuigh lo 
make suggestions and wcn: willing to arglll: with the teachers, al!x:it in a fricndly 
manner. This gave the students more opportunity to actively participate in constna:ting 
personal explanations and increased their lcvd of interest ( Dri vcr d al., 198'J; Pintrich, 
1993; Vi l lani, 1992). Caravita and l-lalldCn ( 1 994) and Driver and Oldham ( 1 986) 
emphasised the need for a supportive classroom environment and Pintrich et al. ( 1 993) 
felt that often the social/affective domain of classrooms is not taken into considcration 
when looking at learning. 
Assertion 5/2 
When the classroom i s  friendly. students are more likely to participate ful ly i n  
both the discussions and activities, offering ideas and suggestions and 
questioning the teacher's statements. 
Mr Carter was the only teacher who gave his students whole-class positi\·e 
feedback. This occurred mainly in the first two lessons and less in the thtrd and fourth 
but he also showed interest in the students' ideas and enthusiasm at their successes. 
Neither Mr Ave!)' nor Ms  Brown offered any whole-class positi\·e feedback but ;\fr 
Avery constantly showed enthusiasm for and commented on stu1.knts' .successes and 
ideas. Both Mr Avery and Mr Carter's students often showed the teachers their 
successes and offered suggestions. This resulted in more indi\'idua\ feedback than was 
available in Ms Brown's class and more opportunities for the students to make personal 
sense of the work. This supports Assertion 5/1 but also introduces Assertion 5/3. 
Assertion 5/3 
Student enthusiasm may be increased by the teacher's w i l lingness to listen to 
and comment on students' successes and ideas e ither in whole-class or 
individual settings. 
I n  all classes the instructions for the activities were given prior to the students' 
group work during the whole-class discussion time. In  Mr Avery's class the instructions 
were usually read by a student with Mr Avery then expecting the students to continue 
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with the task hy rcfl'rring tu the workshr.:l!ts. Thr.: instructiom; wr.:re also read by a student 
in Ms Brown's class with Ms Brown then repeating the instructions. Mr Carter 
re5lructurcd the instructions to make the tasks more opcrH:11tlcd giving the class oral 
in5tructions for the rl!vised task. Mr Avery's method of organising the activities allowed 
the students some responsibility for their work, as did Mr Carter's. I /owever, Ms 
Brown's ml!thod resulted in the students rl!lying on her for all instructions. 
Assertion 5/4 
A variety of methods can be used to provide instructions for activities, some of 
which are imposed and some of which allow students to exercise independence. 
Mr Avery and Mr Carter tended tu use low-key incidental control mechanisms 
for poor behaviour \Vhich avoided interrupting the flow of the lesson to any great extent 
but which still gained the attention of the miscreant. Both, on occasion, used stronger 
methods but the interruption to the lesson was usually brief, with the teacher talking to 
the student later. Ms Brown's behaviour management was more intrusive and usual!y 
the whole class was involved in any reprimand. This often stopped the lesson and 
fragmented the discussion or activity. This may have affected any learning that might 
occur as Berliner and Rosenshine ( 1977) considered that primary students would ha\'C 
difficulty learning when lessons \Vere disjointed. 
Assertion 5/5 
Less intrusive use of control strategies helps to ensure that lesson flow is 
maintained. 
Class discussions require the attention of the students and their participation to 
encourage development of understandings (Driver at al., 1994; Pintrich, 1 993). During 
the main wholeMclass discussions and demonstrations the students in Mr Avery's class 
were moved to face the teacher, physically moving their chairs around. I n  the other two 
classes the students were asked to tum round but usually only turned their heads and 
often turned back part the way through the discussion. This was particularly prevalent in 
Ms Brown's class. Students in Mr Avery's class were less likely to talk or he distracted 
by items on the desk than those in the other classes, although student5 did sometimes 
use the materials. 
1 1 6 
Assertion 5/6 
When students arc moved to face the teacher during wholcwclass discussions, 
student attention and participation is improved. 
In  all the dasscs the equipment was pach:d away for tlu: main n;vicv.-s, although 
in Ms Brown and Mr CartL"r's class it was still on the desks although in a hox. I lov,·cvcr. 
for incidental reviews and for much or the discussion treating cum:nt activities thi:.: 
equipment was usually out and tended to he a distraction for some students although 
less so in Mr Avery's class when the students were turned around in their chairs. 
Assertion 5/7 
When materials are not available during the discussions, student attention and 
participation is improved. 
The atmosphere of the discussions was also very di fferent. Mr Avery and Mr 
Carter involved the students in animated discussions although Mr Avery's discussions 
were quieter and not as fast paced as Mr Carter's. They also used a \Vide range of 
strategies to present information and ensured that a wide range of students participated, 
although Mr Carter sometimes focussed on the most knowledgeable students in the 
class. The students in Mr Avery and Mr Carter's classes were usually i1l\'O\\'cd and 
paying attention. The discussions in Ms Brown's class tended to be slow paced and lack 
the interest that was generated by the other two teachers. She used few strategics to 
present the infonnation to the class and a smaller range of students were asked to 
respond to questions, often those who would be likely to know the correct response. 
Gage and Berliner ( 1 992) and Wilen ( 1987) felt that it was important that a variety of 
students were asked to respond, including those who were not volunteering. The 
tendency to call on high ability students was noted by Doyle and Cai1cr ( 1 987) and 
Gage and Berliner and it was considered that it was often used to obtain correct answers. 
However, this does not allow the teacher to become aware of  different understandings 
that might be held by other students which is an important aspect of  constructiYist 
teaching (Cosgrove & Osborne, 1985b; Driver & Oldham, 1986). 
Assertion 5/8 
Animated whole�class discussion using a variety of strategies helps to maintain 
student i nterest and engagement. 
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Assertion 5/9 Obtaining responses from many different students helps to maintain student interest. 
Assertion 5/10 Questioning a variety of students allows the teacher to become aware of the range of understandings held by the class. 
\\'hole-class interactions may i1wolvc teacher explanations ( Lemke. 1 CJ')(,; Ogborn et al.; 1 99(1), questioning (Anderson & Smith. 1987: Gall & Rhody. 1 987). brainstonning (Solomon. 1989) and discussions (Gage & Berliner, I (J92: \Vilcn. 1987 J 1 996). Ga1?.e and Berliner and Swift et a!. ( 1988) stated that the review section of a lesson was more likely to include closed questions than open. although the reviews in the three classes studied also used some explanations. Oral questioning is an important aspect of teaching and learning (Gall & Rhody. 1 987). All the teachers used a \'aricty of questions and explanations in all discussion times. although �v1s Brown ·s were rather more l imited than the other teachers. They all used more dosed questions than open (Cunningham, 1987) with Mr AYery and :\fr Carter using more L1pcn questions than \1s Brown. Both Mr Avery and Mr Carter used some open questions during the rL·Yiew sessions as well as during the class discussions whereas \Is Bro,\·n tended to use more open questions when looking for predictions during the main discussions. 
Assertion 5/11 A variety of types of questions elicits a wider range of responses from the students. 
Mr Avery usually obtained a variety of responses to his open questions and then either engaged in a d.:monstration that showed the correct answer or, later in the lesson after further investigation, the correct answer \Vas explained. Mr Carter sometimes did this but also sometimes only accepted one answer, usually when the lirst answer was correct. Ms Brown tended to accept the !irst correct answer, but did allow a Yariety of responses for predictions. 
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Assertion 5/12 
Open questions may be used in many situations to generate ideas and 
discussion. 
Ogborn et al. ( J l)t)(i) suggested that explanations arc enhanced hy the use (Jf :t 
variety or strategics, including dcnHmstrations and the USL' or analogic.'i . .  \1 r A very and 
�fr Carter used the suggested <lcmonstrat10ns <111J some of their own when conducting 
discussions during the rc,·irw sessions or those treating current activities. They also 
used the circuits constructed by students; Mr Avery used them to help cxplain how 
circuits worked; and Mr Carter used them to demonstrate hov,: particular circuits could 
be constructed. Using the students' circuits gave the student more opportunities to share 
their ideas (Cosgrove & Osborne, 1985b). Ms Brown <lid not use the actual circuits but 
asked the students to draw them on the blackboard and she only used tv.'o of the 
suggested demonstrations with no extra ones. She also <lid not use any demonstrations 
during the review sessions, only during those treating current activities. 
Assertion 5/13 
The use of a variety of teaching aids and diagrams on the blackboard or from 
posters, with clear explanations may assist in the development of scientifically 
acceptable understandings. 
Smith and Neale ( 1989) felt that important segments of the curriculum materials 
may often be omitted by teachers with Arditzoglou and Crawley { 1 990) suggesting that 
the teachers' understandings may change the curriculum wriler's intentions. Mr Avery 
used the supplied diagrams frequently although the other teachers did not. All the 
teachers used the suggested role-play in Lesson 2. Mr Avery also used the suggested 
analogies and added some of his own and Mr Carter used his own analogies to help 
explain some his extension activities. Neither Ms Brown nor Mr Carter used the 
supplied analogies. The students in both Mr Avery and Mr Carter's classes were more 
likely to be involved and interested in the discussions. 
Assertion 5/14 
Information provided in curriculum materials may not be effectively used. 
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Assertion 5/15 
When par ts of a lesson arc missed, teachers do not always recognise that they 
arc omitting part of the curriculum and this will have a negative impact on 
learning. 
Assertion 5/16 
Using analogies helps students to relate abstract ideas to things that they 
understand and provides opportunities for learning. 
lnfonnation about students' allcmative framc\vorks in science has been avai lable 
for many years (eg. Confrey, 1 990; Gilbert et al., 1 982; Webb, P., 1 992 ). Of the three 
teachers, only Mr Avery demonstrated an understanding of these, with the other two 
teachers showing surprise at some of the responses made by the students, indicating a 
lack of or a limited knowledge of the understandings that students might hold. 
Assertion 5/17 
Some teachers demonstrate little knowledge of students' alternative 
frameworks. 
Discussion in a science lesson frequently involves the use of tenns with which 
the students may not be familiar or for which they have their own meaning. This results 
in information from the teachers being misinterpieted or partially understood (Bell & 
Freyberg, 1 985; Lemke, 1 990) All the teachers used and explained some of the 
scientific tenns, with Mr Avery using a greater range of tem1s. The teachers generally 
did not use the tenns consistently and this may have been lack of understanding on the 
part of Ms Brown and Mr Carter. However, Mr Avery, who was knowledgeable about 
electric circuits sometimes confused 'energy', 'electrons' and 'electric current' .  Many of 
the terms used by the teachers were never explained and, although some of them were 
common terms, students' understandings were never checked. 
Assertion 5/18 
Teachers may not use scientific terms consistently. 
Assertion 5/19 
Teachers may not explain all of  the scientific terms they use. 
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Summary 
This initi�il group or assertions is based on teaelwrs' behaviours that were 
consislt:ntly displayed during the whole-class discussions. Buth Mr Avery and Mr 
Carter cngagt!ll in a \'aricty of behaviours that might improve the SILHknts' opportunities 
to learn. Ms Brown had some behaviours that increased the learning opportunities, but 
also had practices that were likely to limit the learning that would occur ( Figure 5.7). 
Mr A\'ery Ms Brown Mr Carter 
Just over half thL' lesson time Just owr half the lcs.�on time Just over half the lesson time 
used for whole-class discussion used for whole-class discussion used for whole-class d1scus�ion 
with nearly half this time used with over lrnlfthis time used for with .,early half this time used 
for management management for management 
More utterances from Mr A very More u\lerances from Ms Brown More utterances from \1r Carter 
than from the students than from the students than from the students 
Friendly to students Distanced from students Friendly to students 
No whole-class positive No whole-class positive Whole-class positive feedback 
feedback but teacher showed feedback or individual and teacher showed interest in 
interest in and supported student recognition and supported student successes 
successes and ideas and ideas 
Instructions given to whole class Instructions read by student and Instructions for open-ended tasks 
then students expected to work then repeated by Ms Brown given to whoie class then 
independently students worked independently 
Control incide1, .1  Control interrupted discussions Control incidental 
Students turned their chairs Students turned their heads but Students turned their heads but 
around to face teacher often turned back to desks often turned back to desks 
during discussions during discussions 
Equipment sometimes on desk Equipment always on desks but Equipment usually on desk� hut 
but packed away for main sometimes packed in box sometimes packed in box 
discussions 
Quiet but animated discussion Discussion not animated or Discussiom fast and animaled 
using a variety of strategics inte�esting using limited using a ,·aricty of s\ratt.'gics 
strategies 
Used posters, blackboard Used some specified practical Used blackboard drawings. role-
drawings, models, specified and demonstrations and some plays. specified practical 
extra practical demm1strations to blackboard drawings to help demonstrations, and models to 
help explanations explanations help explanations 
Discussion involved many Discussion often involved the Discussion involved many 
students in the class same students s\Udcnts in the class 
Used good explanations with Explanations sometimes unclear Used some good explanations 
demonstrations to students with dt.'monstrations 
Used a variety of questions and Used a. more limited range of UsLxi a variety of qu�·stions and 
explanations questions and explanations explanations 
Many closed questions ( 146) Many closed questions (2 12 )  Many closed questions (205) 
Many open questions (99) Fewer open questions ( 43) Many open questions (72) 
Often obtained a variety of Ac�epted first correct answer Sometimes accepted a variety of 
answers before explaining answers before explaining 
correct answer . . correct answer 
Often expected and accepted a Qfte_n accepted first correct Sometimes accepted a variety of 
variety of answers ansWer. Only accepted a variety answers, sometimes first correct 
of answers for predictions answer 
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�lr :\\·,.·1 y  
l :scd studl.'nt 1110,kb l o  ,h\J\I 
<..''l.p]anJtlolb 
l!s,.•d a11al11gK'" L·fli:l'l l\'<..'ly 
,\h I IW\''rl Mr ( 'artcr 
1 ·,,cd \\11•! ·:11 11111,kl" to I :\ed \lt1dc111 models to 
I d, ;,dll',lrak i.:1111',lllll'!Joll (kllHJll\lralc c<1rl�lruct11i11 
Used no analogies (hcd a11.1log1c', cffrc!1vcly 
Changed or omitted parts of the Changed or omitlcd parts of the Changed or omitted parts of the 
.curriculum materials curriculum materials curriculum materials 
Knowkdg<..·ahk ahtiut students' No knowledge of students' No knowh:dge ofstudcn�' 
ahi:rnam·c franwwllfks alternative frameworks alternative frameworks 
l\;1.'d many s..:1c1111ti..: terms Used some scientific tcnns Used some scientific terms 
i.:onsistcmly 
Explained of sonic of the Explained of some of The Explained of some of the 
scientific terms scientific tenns scientific terms D Situation� _that.increased D Situation� _that limited opporturnues tor opportunities for learning learning D Situations that inhihited opportunities for learning Figure 5.7. Whole-class teaching: Opportunities for learning 
The Teachers; Management of and Strategies Used During \\'hole-class 
Discussions Related to Current Activities Teachers need to be able to present infonnation in a \'ariety of ways and, where necessary, extend the teaching or relate it to other areas (Carlsen. 1 991 h; Sanders et al, 1 993; Wilson et al, 1 987). Both Mr A very and Mr Carter demonstrated their understanding of electric circuits by allowing the discussions to extend into areas other than those intended and, when students offered unusual ideas or constructed unusual circuits, were able to respond. However, Mr Carter was unabic to recognise some unscientific ideas held by the students. 
Assertion 5/20 Teachers with a good knowledge of the topic are able to use a wider variety of contexts for developing ideas. 
Assertion 5/21 Teachers with a good knowledge of the topic allow the ideas and activities to be extended by students and are able to comment on and evaluate these. 
All of the teachers used some demonstration-type activities but the variety and number of them differed and they varied between the review sessions and those treating current aclivities. Ogborn et al. ( 1 99(1) suggested that the use of strategies such as demonstrations help to clarify explanations, but they also help maintain the students' 
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interest, more so if students arc in a position where they c.111 sec easily. In Mr Avery's 
class the students were either moved to the front of the class /"or Jcmonstrations or Mr 
Avery took the demonstration to each group in tum. Ms Brown always left her stuJcnts 
at their desks ,vhcrc they would have been unable to sec some of the demonstrations. Mr 
Carter sometimes moved the students but also sometimes Jen them at their desks from 
where they would have been unable to sec clearly. When the students arc unable to sec 
the demonstrations they cannot actively participate in the lesson and their learning is 
likely to be inhibited (Pintrich et al., J 993; Strike & Posner, 1 992 ; Villani, 1992). 
Assertion 5/22 
When students are moved to the. front of the class during discussions or 
d emonstrations, student attention and participation is improved. 
The sharing of students' ideas is important (Cosgrove & Osborne, 1 985a, 1 985b; 
Driver & Oldham, 1 986) and all teachers at some stage allowed the students to draw 
diagrams of their circuits on the blackboard. \Vllen several diagrams needed to be 
drawn, Mr Avery asked the students to draw whilst the other students were still engaged 
in an activity and then used the diagrams as a basis for discussion. On one occasion 
when only two diagrams were being drawn, he asked students to draw whilst others 
were watching and gave a running commentary on their drawings, helping to maintain 
interest. Ms Brown frequently had students drawing on the blackboard whilst the rest of 
the class were expected to watch and did noi 1:ornmcnt on the drawings until they were 
complete, often only making basic comments. There was always a considerable amount 
of off-task behaviour during these sessions. Mr Carter only had the students drawing on 
the b lackboard occasionally and the sessions moved faster than Ms Brown's although 
the students still got restless. The opportunities were there for the ideas to be developed 
but the lack of  attention from the students i n  some situations indicated limited interest 
and participation. 
Assertion 5/23 
Where student blackboard drawing is completed when the other students are 
still working, the students are more likely to pay attention when the drawings 
are brought to their notice. 
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Assertion 5/24 
Where blackboard drawing is accompanied by teacher explanations, the 
students• attention is better and they have more opportunity to recognise the 
ideas of other class mcmb�rs. 
The quality of explanations varied. Mr A very, with his gootl understanding of' 
electric circuits usually gave clear explanations at relevant points in the disrnssion. I k 
was also able to recognise errors and use demonstrations and explanations to address 
these. Mr Carter usually gave good explanations but he did offer and accept some 
scientifically incorrect ideas. Ms Brown's explanations were often less clear and it was 
apparent that some o f  her understanding was limited, with students demonstrating 
uncertainty about what she was trying to explain. She also gave the students no 
opportunity to question. Ogborn et al. ( 1 996) felt that the teacher's pedagogic style has 
an important influence on the presentation of  explanations but the teacher must consider 
the class needs and should incorporate questions into the explanations. Ms Brown 
tended to restrict the discussion and did not allow any deviation from the topic. This 
may have been a symptom of her more limited knowledge (Carlsen, 1992; Sanders et 
al., 1993). Mr Avery and Mr Carter had a very different pedagogic style to Ms Brown 
and this influenced their presentation of information. These ideas support Assertion 5/20 
(Teachers with a good knowledge of the topic present in fonnation in di ffcrcnt ways) 
and introduce three new Assertions. 
Assertion 5/25 
Where a teacher's understanding of a concept is limited s/he may not recognise 
students' explanations based on alternative frameworks and may accept or 
reinforce these. 
Assertion 5/26 
The teacher's knowledge of the topic affects the quality of his/her explanations. 
Assertion 5/27 
Clear and accurate explanations from the teacher give students the opportunity 
to develop scientifically acceptable understandings. 
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The teachers' use of predictions varied, with all tcachcrs using tlu.:m although 
Ms Brown's responses to the students' answers tended to cue students to th1.: correct 
answer. Neither she nor Mr Carter always followed-up and discussed thc com:ct 
predictions although M r  Carter was more likely to than Ms Brown. Ogborn et al. ( I CJIJ<J)  
considered that i t  was important to obtain a variety ofanswcrs so that students h;id an 
opportunity to compare their ideas \vith those o f  other students, hut that the correct 
answer should always be giwn. This reinforces Assertion 5/9 (Responses from many 
students allows teacher to be aware of d ifferent understandings) but also introduces two 
more. 
Assertion 5/28 
The tone of a teacher's voice may cue the students to the correct response. 
Assertion 5/29 
The correct answer needs to be identified when a variety of responses are 
accepted for an open question. 
In the classes where a variety of answers were accepted by the teacher, the 
students had the opportunity to recognise that there were other possih!c understandings 
and were able to consider and eva\untc these. 
Assertion 5/30 
The generation ofa  variety of ideas leads students to recognise and question 
other's ideas. 
Summary 
When the teacher behaviours that relate specifically to the treatment of current 
activities are summarised, i t  is apparent that most of Mr Avery's strategies and 
behaviours engaged the students and offered opportunities for learning. Mr Carter. 
however, engaged in some behaviours that might limit opportunities for learning and Ms 
Brown's management of discussion had few positive aspects with many of her 
behaviours likely to limit the students' attention and their learning opportunities 
(Figure 5.8). 
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Mt Avcty ,Yh Ihm n 
\\'idc knnwlnlgc alto\\'t't! Discussions limited 
discussion tu extend mto olhL'I 
areas 
\\' idc knowkt!ge :1lhl\\ cd Limited knowledge required 
aCCL'ptanL'L' and use nf stmknt oulsidc assistance when students 
ideas offered unusual ideas 
Stmknts moved so tht:y could StJdenlS stayed at desks for 
sec tkmonstratmns or demonstrations 
demonstrations brought to 
students 
Students drew nn blackboard Students drew on blackboard 
whilst others were working whilst others were watching 
Blackboard drawmgs used with Blackboard drawings used with 
detailed explanations limited explanations 
Students imolvcd \Trba!ly and Students verba l  involvement in 
physically in c\·aluating demonstrations limited with no 
blackboard drawings physical involvement 
Clear explanations Explanations sometimes not 
given or unclear, but sometimes 
good 
Effective use of predictions Limited use of predictions 
Teacher's responses ncU11al Teacher's response when several 
when several answers accepted answers accepted cued students 
to correct answer 
Wh.:re several answers accepted. Where several answers accepted, 
correct answer eventually correct answer often not 
explained or demonstrated explained D Situations that increased D Situations that limited opportunities for opportunities for learning learning 
.\11 ( ·:u1cr 
Reasonably broad knowledge 
allowed discussion to extend into 
other areas but accepted some 
incorrect answers 
Willing to accept student ideas 
but lin11kd knowledge allowed 
some incorrect amwers to he 
accepted 
Students sometimes moved but 
sometimes stayed at desks for 
demonstrations 
Student'i only ,n.:ca<,1onally drc\, 
on hlackhnard \\hd,1 nthcr, \\CIC 
\\ ork mg 
Used good explanatiom with 
some blackboard drawings 
Studcnh mnih·cd \'t'rhally :rnd 
phy,u.:al!y m cvaluat1ng 
hla-:kboard dra\\ mgs 
Not always able to offer 
explanations but those given 
were clear 
Some good use of predictions 
Teacher", responses whcn 
sc\·eral aJl',\\cr accepted \\ere 
nut neutral hut did not cue 
correct rc�ponsc 
\Vl1cre several answers accepted, 
correct answer usually explained 
D Situation� .that_ inhihitcd opportun1t1cs !or learning Figure 5.8. Whole-class teaching: Opportunities for learning speci!ic to discussion of current activities 
The Teachers' Management of and Strategics Used During \Vhole-class 
Discussions Related to Reviewing Work Reviews arc usually used i n  classrooms to check the students' recall of  what has happened in previous lessons and to reinforce their understanding by rc\'icwing material already covered (Gage & Berliner, 1992; Swin et al. 1988). However, they arc also a useful tool for ensuring that students who have been absent have an opportunity to tind out what has been happening. 
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Assertion 5/31 
Regular reviews give students who have been absent for one or more lessons an 
opportunity to find out what has been covered. 
ThL' usl.' of reviews di ffered hc!WC('ll teachas. Mr Avery gave fn.:qucnl, comprehcnsin: n:,·iews with many nfthe concepts covered sc.;\·cral times. \1s Brown\ rc,·icws were n:ry limitt.:<l and i\fr Cartt.:r. although his reviews were fn::quc.;nt. allcm c<l 
the stmknts' responses to <lirccl the discussion, resulting in somt: topics nut hcing 
covered. fl-·1r A.Yery used not only the beginning and end of the lessons to conduct 
re,·icws, but often conducted them incidentally during the lessons when it was apparent that a concept was not understood. \.1r Carter also conductc:d his re\·icws at a var;cty of 
times but his main sessions were at the beginning of the lessons. \1s Brown only 
conducted short reviews at the beginning of Lessons 2 and 3 and any within the lessons 
were generally \'ery brief. Berliner and Roscnshinc ( 1 977) considered that rc\'icws 
provide opportunities for links to be made between lessons. something that was done 
effectively in Mr A\'ery's and r-..tr Caner's class but which did not occur in \1s Brown·s 
class. Tasker ( 1 9 8 1 )  pointed out that students often do not recognise links hctwecn 
lessons unless they arc O\'ert\y demonstrated. \\'here rc\·ie\,·s an: not used dTectiYcly the 
teachers have less opportunity to gauge the lcnl of  undcrstan<ling in the cbss and the 
students have less opportunity to deYclop more scientific idl.'as. 
Assertion 5/32 
Students have more opportunities to construct understandings when time is 
allowed for regular, effective reviews of work to be conducted. 
Assertion 5/33 
Reviews directed by the teacher are likely to be more comprehensive that those 
where student responses guide the discussion. 
Assertion 5/34 
Where links are not clearly made between parts of a lesson and/or individual 
lessons, students may have more difficulty constructing understandings. 
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Ms Brown used no teaching aids during the review segments of"thc lesson::. but 
both Mr Avery and Mr Carter used a varicty of strategics with Mr Avery using a greater 
range than Mr Carter. This supports Assertion 5/8 (Students arc morc attentive during 
animated discussions using many strategics) and Asscrtion 5/1 3 (Using a variety of 
teaching aids with clear explanations assists in dcvcloping understandings). When 
demonstrations were used during the review times, the students in Mr A vcry's class 
were usually moved so that they could sec the demonstration, whereas those in Mr 
Carter's class ,vcre not always moved resulting in more limited attention being paid and 
supporting Assertion 5/22 (Student attention is improved i f  they arc moved to the front 
of  the class for demonstrations). Both Mr A very and Mr Carter used a range of question 
types, although there were fewer open questions than were used in the main activity­
based discussions, and accepted a variety o f  answers before explaining the correct one. 
Ms Brown only used closed questions and accepted the fin,t correct answer. The 
discussion related to questioning supports Assertions 5/1 1 and 5/12 (A variety of 
question elicits a wider range of response and open questions may be used in many 
situations). 
The focus questions were provided in  the lesson outlines as a guide to 
discussion. Mr Avery, on one occasion, gave the students copies of the quc:stions and 
asked the groups to respond to the questions. This was fo\lo\\'ed by a whole-class 
discussion which covered many of the questions but not all of  them. He sometimes 
made overt use of the focus questions after this but the concepts they covered were 
usually addressed in the whole-class discussions. Ms Brown's reviews rarely related to 
the focus questions, although some topics were covered. For three of the lessons Mr 
Carter gave the students a copy of the focus questions to discuss in their groups. 
However, he did not include a whole-class discussion on the questions, so there was no 
check to ensure that the explanations that the students had developed were correct. This 
is consistent with Smith and Neale 's  ( l 989) finding that teachers may omit signi tic ant 
parts of the supplied curriculum without realising the effects, and supports Assertion 
5/14 (Information provided in the curriculum may not be effectively used) and 5/1 5 
(Teachers may not recognise the effects o f  omitting a part of  the curriculum). 
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Summ:iry 
A sunu11aiy orthc typc:s of reviews tllld tlw tcachc.:rs' hdiaviours during tht.:sc 
lesson segments shows the difkring learning opportunit it:s that each teacher offered. Mr 
Avery's frequent compn.:hcnsivc reviews that covered most concepts .ind cncourngcd 
student participation, allowed the studcnl!i far more opportunity to dcvc.:lop 
understandings than Ms Brown's very limited reviews. Mr Carter's review sessions 
were more productive than Ms Brown's, but he did limit the students' learning hy not 
covering all the concepts and by not discussing the focus questions (Figure 5.cJ). 
Mr :\Ycry Ms Brown :-..1r Carter 
Frequen t  comprehensive reviews Very limited reviews Frequen t  but limited reviews 
at a variety of points i n  lessons 
Revie\vs teacher directed and Reviews teacher directed but Reviews student directed .ind 
covered most concepts limited concepts missed 
Students often moved for review Not applicable Students not moved for review 
demonstrations demonstrations 
Used a variety of teaching aids Used no demonstrations or aids Used some demonstrations 
Used a variety of question types Used closed questions Used a variety of quciaion types 
Often obtained a range of Accepted first correct answer Sometimes accepted 11 variety of  
answers before selecting correct answers 
one 
niscussed focus questions with Did not discuss focus questions Did not discuss focus questions 
who\c class with the whole class 
D Situations that increased D Situations that limited opportunities for opportunities for \earning leami ng D Situations that inhibited oppo1iunitics for !earning 
Figure 5.9. Whole-class teaching: Opportunities for learning in reviews 
The Students' Participation and Behaviours During \\'hole-class Discussions 
ln both Mr Avery's and Mr Carter's classes the students were involved in the 
construction of explanations, both through the teachers' questioning and by the 
students' input to the discussion. This helped maintain a high level of interest and 
attentiveness during the discussion time. 
Assertion 5/35 
The students' involvement in the construction of explanations during 
discussions helps to maintain interest and allows them more opportunities to 
develop understandings. 
To benefit from the learning being offered, students need to participate and he 
actively involved in the discussion (Driver et al., 1 994; Pintrich et  al., 1 993; Wells, 
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1989). The students from Mr Avery's class <lemonstratcd active involvement hy often 
making suggestions or offering ideas when Mr Avery was demonstrating and 
explaining. They were also likcly to ask questions that wcrc not ncccssarily dircctly 
related to the topic. Mr Carter's students also did this occasionally although not to the 
extent of Mr Avery's. Ms Hrown's students rarely offered any suggestions or ideas. 
Assertion 5/36 
When students are interested and involved in the discussion they are more likely 
to ask questions and offer suggestions. 
Student responses give them an opportunity to not only put their ideas into 
words, but to also check them and compare them with those offered by others (Spada, 
1994; Vosniadou; 1994). The students in both Mr Avery and Mr Carter's classes \Vere 
willing to argue points with their teachers when they did not agree with their statements. 
When these students responded to questions they often offered extra information. 
sometimes extending and/or justifying their answers. This gave the teacher and the other 
students an opportunity to recognise their understandings. The students in Ms Brown's 
class offered minimal answers and Ms Brown often had to question them to gain a full 
answer, \vhich resulted in fragmented answers that were difficult to understand. 
Although both Mr Avery and Mr Carter usually summarised student answers to produce 
a complete answer, Ms Brown usually did not. 
Assertion 5/37 
The students' ability to extend or justify their answers allows more complete 
answers to be generated and gives teachers more opportunity to recognise 
understandings. 
Assertion 5/38 
Where explanations or student answers are fragmented i t  is more difficult for 
other students to construct understandings. 
Assertion 5/39 
Where teachers need to use many questions to help students respond, the 
fragmented answers need to be summarised to clarify the explanation. 
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In Mr Avery's class. the students were involved with many of the activities 
during the whole-class discussions and reviews. The students were included in the 
practical demonstrations in a variety of ways, by hclping with the circuits or by 
checking them. Mr Carter also involved the students in his demonstrations hut, during 
the review time, the students were less likely to he physically involvc>d. However, he did 
tend to draw many students into the discussion by his use of role-playing and analogies. 
Ms Brown's students, apart from the suggested role-play and the blackboard drawing, 
were never involved in activities. 
Assertion 5/40 
When students are involved in meaningful demonstrations they and the rest of 
the class are more attentive. 
Mr A very also involved the students more in evaluating and correcting the 
blackboard diagrams. After engaging in discussion about the drawings he would ask a 
students to come up to the blackboard and correct the diagrams. Although he did not ask 
the students to change diagrams, Mr Carter did involve them in discussion designed to 
help them to recognise errors in the diagrams. Both of these strategies allowed the 
students to become more engaged in the activities and gave them opportunities to 
improve their own understandings (Driver et al., 1 994, Vosniadou, 1 994). The students 
in  Ms Brown's class were only involved in a very minimal amount of discussion about 
blackboard diagrams with Ms Brown giving some infomiation but rarely asking for 
input from the students. 
Assertion 5/41 
When students are involved in evaluating and correcting blackboard diagrams, 
there are more opportunities for the development of scientifically acceptable 
understandings. 
Lemke ( 1990) argued that students need practice i n  using science language and 
should be able to reword their understandings to fit differing situations, and Wells 
( 1 98 1 )  suggested that opportunity for practice could be provided by students explaining 
their ideas to others. Generally, regardless how much a tenn was used by the teacher. 
students did not include new terms, oflcn concept labels, in their discourse. Lemke 
( 1 990) considered that students needed practice in using the scientific language. but 
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even in the classrooms where there was a considcrablr.: input from the students, the new 
tcnns were used infrequently. They did use the common terms, which were usually 
object names, although their understanding was not necessarily accurate. 
Assertion 5/42 
Students are unlikely to use many new scientific tcnns in their discussions. 
Summary 
When the participation of the students from the three classes in discussions is 
examined, the students from Mr Avery and Mr Carter's classes demonstrated a much 
greater invoh·emcnt in the lessons than those from :Vis Brown's class. They were 
attentive and enthusiastic. and played a greater role in the development of the 
discussion. Ms Brown's students were unenthusiastic participants who offered minimal 
infomrntion and had little input to the content of the discussion (Figure 5 . 1 0) 
Mr Avery's students ivls Brown's students 
Involved in the construction of Rarely involved in constructing 
ur:derstandings understandings 
Generally attentive during Inattentive during whole-class 
,vl10le-class sessions discussions a�d oftCn talking or 
using equipment 
Willing to argue with the teacher No argument . 
Offered ideas and suggestions No ideas or suggestions offered 
Expected to think and justify Gave only limited factual 
answers answers 
Involved verbally and physically Verbal involvement in 
in demonstrations and the demonstrations limited with no 
evaluation of blackboard ·physical fuvOlvement 
drawings .· 
Showed interest and enthusiasm Showed little interest or 
and were keen to participate Cnthusinsffi 
Asked questions (other than Only asked procedural questions 
procedural) . 
Offered extra information Offered very limited infonnation 
Did not use Scientific language 
--�s�'d b):· teacher · · · 
Did·not use scientific language 
used-bY'te:lcher D Situations that increased D Situations that limited opportunities for opportunities for learning learning 
Mr Carter·s students 
Jnvoh·ed in the construction uf 
understandings 
Generally attentive during 
whole-class Jiscuss10ns with a 
small group off-task 
Willing 10 argue with the teacher 
Offered sonll' ideas and 
suggestions 
Expected to think and jus11fy 
ans\\ ers 
lnvo[vl'.d vabally and physically 
in demonstratmns and \'Crbal!y 
in the cv.ilua\ion of blackboard 
drnwings 
Showed some interest and 
enthusiasm. 7-.tost students keen 
to parllcipate 
Asked questions (other than 
procedural) 
Of
f
ered some extra infonnation 
Did not use scientific language 
used by teacher 
D Situations that inhibited opportunities for 
learning 
Figure 5 . 10. Student involvement in whole-class discussion: Opportunities for learning 
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It is apparent tlwt the teachers varied in their use and management ofthe whole­
class discussion time. Mr Avery used the time effectively, dividing it between n.:vicwing 
work and treating current activities and his management of the discussions allowed his 
students opportunities to participate and learn. Ms Brown spent little time reviewing the 
work that had been done and making links between the activities and lessons, and her 
management of the discussions did not allow effective student participation and limited 
the opportunity for learning. Mr Carter's reviews were more comprehensive than Ms 
Brown's but did not address all the work that had been covered. His management of the 
discussions allowed student participation and opportunity for learning, but his more 
limited knowledge allowed unscientific statements to go unchallenged and did not 
ensure that the learning that was occurring was scientific. 
The next chapter examines the teacher's interactions with students during small 
group activity work. 
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CHAPTER <, 
Teacher Interactions with Small Groups and Small Group Work 
Overview 
This Chapter is an overview of the teaching and interactions that the teachers 
engaged in when the students were involved in group work. Following the details of the 
three teachers' teaching, the discussion relates some occurrences to assertions that have 
already been developed and also leads to the development of new assertions. 
Mr Avery 
General 
Apa11 from a limited number of interruptions from visitors, Mr A very spent the 
majority of the group activity time working with the students or looking for equipment. 
The instructions were read to students or given to them before they moved into group 
work, and M r  Avery expected the students to then follow the instructions on their 
worksheets and progress at their own rate through the activities, gaining his attention if 
they were having difficulties. He attempted to visit most groups during activity sessions 
and consequently his visits were fairly short, although, where necessary, he stayed with 
some groups for longer periods. Two students in the class had reading difficulties and 
Mr Avery, in his visits, helped them read and understand the instructions. He had a 
friendly manner when interacting with the groups using finn control methods where 
necessary. Although Mr Avery did not suggest extension activities to individual groups, 
he did suggest them to the whole class. He also ensured that all groups had opportunities 
to examine items that had been discussed in  the whole-class discussions. 
Because the students were able to proceed at their own pace, there was only 
l imited off-task behaviour and students tended to be very involved in the activities. 
Some groups occasionally did not follow the instructions but they were generally using 
the equipment sensibly. 
Mr A very asked the groups to complete most of the activities in the lesson 
outlines, although he adapted some of the work to his teaching style. 
Interactions between Mr Avery and Groups 
An analysis of the interactions indicates that the utterances from students were 
similar in  number to those from the teacher, with the teacher contributing 49% of the 
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utterances and the students 5 1 1X, although the tcachcr's utterances wcn.: generally longer 
than those of the students. 
Teacher utterances when attending groups ------ ------
Managerial 
85% 
/ \  
Class Equipment Ta�k 
7% 17% 61% 
Open Closed 
questions questions 
!'X, 2% 
Conccptu.il 
I J'V,, 
Explanations 
4'X, 
Task and 
feedback 
S'Yr, 
Responses to 
students' 
questions 
I 'X, 
Note: A further 2% of comments were general comments or unintelligible 
Figure 6. 1 .  Teacher utterances by category when attending groups 
The majority of interactions (85%) tended to be managerial (Figure 6. 1 )  with 
1 7% of the statements from Mr Avery relating to difficulties with equipment, mainly 
arising from missing elastic bands and blown globes. Seven percent of comments 
related to management of the students within the groups, sometimes managing 
behaviour problems and sometimes ensuring all students had an opportunity to 
participate: 
Yes well, you 've got to work together. 
They don 't want to. 
They don 't want to. 
Yes we do. 
Mr Avery1 
Student 
Smdent 
Student 
Mr Ave,y A/right. Can you boys pack up ifyou ca11 't work cooperarh·e�v. {Lesson 2) 
Mr Avery 
Student 
Student 
MrAve1y 
Have you le, boys are you letting the girls have a look at it'! 
Yeah. 
No. 
Come 011, let 's share it thank you. (Lesson t)  
Sixty-one percent of Mr Avery's comments related to checking the students' 
work, either activity or written, most occurring when he was helping to build or correct 
the circuits constructed by the students. He often demonstrated or explained the co1Tcct 
procedure rather than encouraging the students to investigate for themselves: 
Mr Avery 
Mr Ave,y 
A11d 110w where's your little piece here. Just co,111ect these two. Did you 
see that girls? (Lesson 2) 
Right, Let 's have a test. It 's 1101 working. All these terminals. Screw it 
up. It isn 't screwed in. (Lesson J) 
1 35  
I 
The type of questioning during this time was usually not designed to produce or 
encourage conceptual discussion hut to ensure students wcre on-task. Most questions 
were closed and usually n:lated to the eonstruction of' circuits: 
Mr A1'LTI' Who has checked the glohes. ! "1 \'C you got I hree dij]Crent ;:lohes '! 
(Lcs�on 3 J 
Okay hu11· are you going to co1111e,·t them up'! ( Ll:s�oll J) 
Only ]% of the utter.inces were questions that would have assisted in developing 
understandings with 2% of these being closed 4ucstions (Tahlc (J. 1  ). Over half the open 
questions were directed at the Focus Group in Lesson 2, with no other group having a 
similar amount of conceptual discussion. In the first Jong segment of discussion with the 
Focus Group Mr Avery used the circuits that the Focus Group had made to demonstrate 
that the circuits made in Lessons I and 2 were the same and had the same effect. The 
second less successful discussion took place after the students in the Focus Group had 
added drawing pins to their circuits: 
Mr Ave,:v 
Student 
Bob 
Mr Ave,:v 
Mr Aver)· 
Bob 
Mr Ave1J' 
(reading from a student's notes) The current 's going through the pills. 
Aah. What 's that tell us about tire pins'! 
It Jells us that ii makes the circuit complete. 
That the electricity will nm thro11g!t. 
Good, it makes it complete. 
Whal was were you saying. Bob'! 
Eleclricity ll'i/1 ru11 in metal. 
Good, it goes through metal. So metal reme111her 1!10se. oh. two new 
words that ll'e 're going to learn roday. A co11c/11cwr. Do yo11 k1101\' 1\'lwt a 
conductor is? (Lesson 2) 
The discussion continued for some time with Mr Avery unsuccessfully attempting to 
elicit the scientific meaning of conductor. Mr Avery did talk to one or two other groups 
in an endeavour to develop better understandings, but this was infrequent. However, the 
students did offer detailed responses when he did and this allowed him to develop a 
better understanding of the students' ideas: 
Mr Ave,y 
Student 
Mr Avery 
Student 
Mr Ave,y 
Now how's the /10/dcrfollow the same idea:; 
It 's gal metal, it 's got me/al there which joins up to !he houom and there. 
so the negative mighl come lhrough thal end and go !hat way and t!tcn * 
it might come hack 1hro11gh this way back 011 lo the /){ltfc1y. 
Mmm. A/right. So ifyou Jw,·e a close ifyou hm·e a look at if, see how if 's 
got at the hollom, See how it ·s got at the hollom a little pin or a li11/e 
point. 
That 's where the bollom oft he globe goes. 
That 's where the holfom, lhat 's right. That ·s where the hot!om goes. Now 
see in there, how it's got that lilllc pil1 in I here, that little 
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Oh. yeah. Stude11t 
Mr A\·e1:r So it touches the hottom, the /eat/ part to11d1cs that hollom part and /hen 
yo11 've got so111e//1i11g touching the outside. (1 .csson 2) 
Most discussions thal occurred between Mr Avery and thL: groups rL:achcd a 
conclusion and, if  several answers had been offl!red, Mr Avery usually explained tht.: 
conect answer, but not always. Understandings that had been dcvt.:lopcd during 
discussion with groups were usually disseminated to the class. 
When talking to groups, Mr Avery rarely reviewed previous work which may 
have assisted individual students to make links between activities or lcsso.1s. Four 
percent of his comments were explanations. These usually described what was 
happening in the circuits, sometimes using circuits to enhance the explanation: 
Mr Ave1y Because the batleries obvious(v they had, it 's a d1ffe1ent levels of energy. 
(Lesson 2)  
Mr Ave1)' Now we said that the globe. we said that was the important part and !hat 
·was the important part, didn 't we and the other thing was this end and 
that end. Whal 's going to happen? Will that work for me or not? See 
that? (Lesson I )  
There were five percent of the comments classified as conceptual which related 
to the task and to feedback (Figure 6 . 1  ). The feedback referred to comments that 
indicated the students had made conceptually correct judgements or comments, with the 
task comments generally directing the student acti\'ities so that the correct 
understandings were being used: 
MrAve,y Now you 've got to connect, you 'vejust got to get that circuir. Rememher 
the the idea of a circuit? Thal 's the way. Joi11 the other one. (Lesson 2) 
Student Participation 
Seventy-three percent of student comments related to task management 
including 1 5% relating to equipment management (Figure 6.2). 
Student 
Student 
Mr A ve1J1, hoth of these packs are missing stuff (Lesson 4) 
ls it supposed to he done as a group'! {Lesson 3/4a) 
Only 12% helped to develop conceptual understanding. Four percent of these 
involved informational statements directed to Mr Avery with students both offering 
general information and enthusiastically sharing their successes: 
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St11clc11t 
Hoh 
We 'vefouml t11·0 the.first two worked l'l'I)' well. (Lesson I J  
I fry. look it ',\· hrighter, Mr A ve,y. 
Ooh, which 011e 's hrig!tter! (JI, that 's using two, yes. We 're only using 
one hafle1:v today. (Lesson 2) 
Al! the student initiated questions were closed and most related lo the task rather 
than to developing un<lcrstai�dings although sometimes they were used lo l.:hcck the 
student's ideas: 
Pat 
Mr AvefJ' 
(Referring to the position of the wires to the glohc on Mr Avery's 
blackboard diagram) How is it supposed to work 011 the side'! You 've got 
the wires 011 the side. 
011 the sides. It doesn 't work 011 the sides. Oh right. T!tat 's a good point. 
We 're not actually co1111ecti11g to the sides. We 're t1yi11g to form a circuiI 
around that way. ( Lesson 3/4) 
Student utterances when teacher attending groups 
--------Managcnal Conceptual 
73% \2'Y,, 
/ I �  
Info�/T,,l ,n� ns,s Feedback Equipment Task 
3% 15% 55% 
offered to questions feedback to open to closed 
teacher to teacher questions questions 
4% 1 'X, I"' "'' 3% 
Note: A further 1 5  % of  comments were general comments or uninlelligiblc 
Figure 6.2. Student utterances by category when teacher attending groups 
Occasionally a student would demonstrate some extended thinking in his or her 
questions: 
Student Mr Ave, if ifum, you had a blown glohe am/ you um broke the glass off 
after it was blown and stuck it together would it work again? (Lesson J) 
Six percent of the utterances were responses to Mr Avery's questions with three 
percent of these being answers to closed questions (Table 6.1 ). The students o ften 
answered closed questions with the expected answer and then added extra infornrntion 
allowing Mr Avery more opportunity lo assess their understanding: 
Mr Ave!)' 
Student 
Mr Ave1y 
Student 
Good The next part then is take it and put it two ce11ti111etres apart. 
That 's two centimetres. Woufdyo11 expect it to liglit up 11011'? 
No, 
No. See we 've got that. 
Because it 's apart and you can 't toucl, it. {Lesson 2) 
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Allhough only one percent of Mr Avl.:ry's utterances Wl.:rc open tJUl.:stions, tlm.!l.: 
percent of the sludents' utterances were responses lo open questions bccause scvcral 
students were given the opportunity to respond: 
Mr Ave,:r 
Sue 
Jon 
Pat 
Mr Avm:i' 
Pat 
Pat 
Jon 
Bob 
Pat 
A1111 
Sue 
Okay then. what have you decided on( Whal 's the co11se11s11s! 
IV cl I, Ji rsl 
A II the less volt. 
The hattc,y 's 011�\' /.5 
Yeah, thesmailer the 
Only ifit 's / .5 gets more hecause it 's smaller. 
This one gets less hecausc it 's hig,'�er. 
It draws more e11erg11• 
Yeah. because it needs more energy. Beccmse the hatte,y's only small 
and it needs more volts. 
It needs more energy. 
Volts to go brighter. 
It might it might light up. (Lesson 3) 
Included in the 1 5% of comments that were general or unintelligible due to 
recording difficulties, were a small number of topic-related comments generally asking 
about the purchase of equipment (Figure 6.2). 
Table 6.1 
Types oflnteractions Between Mr Avery and Students in the Small Group Situation 
Type of utterance 
Managing class or group 
Managing equipment 
Managing task 
Explanations 
Open questions 
Responses to open questions 
Closed questions 
Responses to closed questions 
Information from students (conccptmil) 
Task management (conceptual) 
Unintelligible 
Other 
Percentage of utterances from: 
Mr Avery 
7 
17 
61 
4 
2 
5 
Students 
J 
15 
55 
J 
3 
4 
1 1  
4 
Most of the ut terances from both Mr Avery and the students were related to 
management, with most of those referring to task management. There were a few 
interactions relating to task management that had a conceptual component, with more of 
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these coming from Mr Avery than from the students. A small pcrccntagc or Mr Avery's 
utterances were q ucstions with a further 4 '% exp Ian at ions. Four pcrcl!nt of the students' 
utterances provided conceptual information (Table (,. I ). 
Use of Scientific Voc:thulary 
The words most commonly used hy both the teacher and the students were 
battery, globe and circuit with these generally used in  connection with the construction 
of circuits. Positive and negative were also used consistently, although most usage wus 
in  the last lesson when the student were using series circuits to build a nerve tester. All 
the other scientific tcnns were only used infrequently in the teacher/group discussions. 
Ms Brm\'n 
General 
There were few interruptions during the group work time and Ms Brown spent 
most of this time working with the students or, occasionally, looking for equipment. 
Prior to the activity time she would ask a student to read the instructions for the activity 
and then often repeat the instructions. She would then circulate fairly quickly through 
the groups checking that they had the correct equipment and repeating instructions: 
Jv!s Brown 
Ms Brown 
You need three wires this time. one battery, the globe holder. You may 
have e11ough to for the other group for the other side to make theirs as 
well. (Lesson 2) 
You ca11 have a hatte1:v holder. You need two wires. a hauery holder. 
Yes, you 11eed the alligator clips. (Lesson 3)  
The students were expected to progress through the activities as a c lass and some 
students had some considerable time to wait before moving on to a new activity. Her 
patterns of group visits varied with the activity. When the students were constructin g  
circuits she tended to visit a limited number of  groups, but when they were completing 
written work she often visited most of the groups to check on their work, sometimes 
picking-up on  a common error and in fonning the whole class of the problem. One group 
included a special needs student, who was described as working at about a Year 3 lcnl. 
and, during the first lesson, Ms Brown spent extra time with him endeavouring to 
explain how a circuit should be connected so a globe would light. As with her whole­
class discussions, her interactions during the group visits were formal and discussions 
with the groups were strongly teacher centred. Ms Brown, did not suggest any extension 
activities either to  the groups or to the whole class and did not ensure that inforn,ation 
given to groups was also given to the class. 
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All Ms Brown's groups wcn.: mixed gender groups and she foll by Lesson J !hat 
the students were not co-operating well and, as dcscribcd in C 'lwptcr 4, sd up c1 syslt:m 
to cnsun: cvcryonc would have a turn at constructing circuits, although her systcrn was 
not maintained by all groups. Then: were, howcver, /Cw instanccs of students 
complaining that they were not having a turn and Ms Brown was not rcquin..:d lo solve 
group argumcnts on this topic. 
Ms Brown organised the lessons so that grours complch.:<l all of the practical 
activities in the lesson outlines. 
Interactions Beh't'een Ms Bro't't' D and Groups 
An analysis of  utterances indicates that both students anti teacher contributed 
similarly. Ms Brown contributing 5 1  % of the utterances and the students 49%,. 
However, Ms Brown's utterances were generally longer than the students. 
Class 
6% 
Teacher utterances \\"hen attending groups 
Mon,� �cptool 
84% 1 5% 
// 1 �  
Open 
Equipment Task questions 
7% 71% 2% 
Closed 
questions 
7,,, "' 
Explanations Task and 
feedback 
"' ·' (1 
Responses to 
�mdents· 
question� 
()'' ;, 
Note: A further 1 % of comments were general comments or unintelligible 
Figure 6.3. Teacher utterances by category when attending groups 
The majority (84%) of Ms Brown's utterances were managerial (Pigurc 6.3). 
There were few problems with the equipment but, on two occasions, Ms Brown spent 
some time with groups that were having d ifficulties, an<l these account for most of the 
interactions related to equipment management. Six percent related to managing g:11,up 
behaviours, usually ensuring that the students were following the instructions but 
sometimes checking on other behaviours: 
Ms Brown 
Ms Brown 
Have you got any others? No, don 't use that. Just use the glohe. You 
were told to use one hatte1y, one globe and one piece of wire. {Lesson I )  
Yes, there 's one. Thal means you 're going lo ftai•e lo share. (Lesson 2) 
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Most of"thc management L1ttcram:cs wi;rc related to task management which 
included n:pc.:1ting or giving tlirther instructions and chct:king students' work and all 
questions were c losed: 
Ms Brm1,,1 
Afs Brown 
Sere\\' the g!ohe into the tlohe holder. Screw ii in. Is that the s111alfrsl 
glohe .\'OIi hal'l'? (Lesson 2) 
Luke, is it your t1m1 noH'! Whose !um? (Lesson 3)  
Ms Brown rnrcly helped students with the construction of circuits and her 
helping comments were often very general : 
Ms Brown It was working all right? All right. You 're going to have to fiddle with 
that to get that circuit working properly hefore you put JYJllr other one in 
(Lesson 4 J 
On one occasion when a group of students had constructed a circuit which did 
not work, Ms Brown needed outside help to ascertain what the problem was. 
There were only l imited occasions when Ms Brown engaged i n  discussion that 
might develop conceptual understandings and these included few open questions (Table 
6.2). Most open questions occurred during the first l esson when Ms Brown was working 
with two groups to try to develop the correc t  understanding of  the direction o f  current 
flow in  a circuit, with a further two open questions in Lesson 2 when discussing why 
galvanised wire would not conduct electric current. In the first lesson only one group 
engaged in a discussion that developed correct understandings with only one student i n  
the group actually voicing the correct response. Ms  Brown im·o\\'cd another group i n  a 
similar discussion but they did not reach a correct scientific understanding, with Ms 
Brown finally appearing to agree with their ideas: 
Ms Brown 
Stll(/e11t 
Ms Brown 
So you 've got electricity coming from there and also through there. Is 
that what you think'! (A bi-polar view) 
Yup. 
Right, okay. (Lesson I )  
Although information discussed with the groups that related to written tasks was 
disseminated to the class, some c onceptua l  understandings were not. The amount of 
whole-class discussion was limited and it i s  possible that students may have retained 
incorrect understandings generated during the group discussions. 
Often d iscussions did not appear to reach closure and the qt,cstions were kit 
unanswered. Sometimes discussions which could have led to lllHkrstandings being 
developed seemed to be tcnninatcd without the necessary interactions: 
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Ms Brown 
Student 
Ms Hrow11 
Student 
Ms Brown 
Student 
Sr11dc11t 
S111dc11t 
Ais Brown 
Swdcnt 
,)'o which way did you do it? Yo11 lwd thaf 111ulcme11fl1. 
We 
Righi. ;lll(/ 111hot did you do with the g/ohe? 
l'ut it u11demcath then we p11s!ted this 011 to *. 
P11t there. What happens �{it goes there? 
0/J. 
Sec. my H·ay was helter. 
I 11c1•cr said it 11'as11 't. 
So ll'hat do you notice. 
That Mary 's worked clid11 't work and mine did. (Lc��nn I )  
Most questions were closed questions an<l often directed to students to look at 
the circuits they had constructed: 
Ms Brown 
Ms Brow11 
So which one H'OrkecJ:I This one where it \· at  the side there. ( Le�son 1 )  
Right, you ·ve got your t\.vo haueries. When you put your two batteries 
together u-hat did yo11 notice was written 011 them? Were they positive ur 
11egative ends that you had together'! (Lesson 3)  
Ms Brown rarely reviewed previously taught understandings when talking to 
groups and, because of the limited reviews that occurred during the whole-class 
discussion time, her students had few oppotiunities to make links between lessons and 
activities. Ms Brown gave only limited explanations that would develop understandings. 
In Lesson 1 ,  all her explanations to groups were related to the positive and negative 
terminals ofa battery although the word 'terminal' was not used. There were few other 
explanations, although in Lesson 3, Ms Brown did explain why some of the 4.8 volt 
globes were flashing to two groups with the explanation not offered to the whole class. 
Three percent of Ms Brown's task related comments may have helped develop 
conceptual understandings, for example, when she was encouraging the students to 
investigate the galvanised wire's conductivity further: 
Ms Brown But perhaps try your H"irc,jmt pulli11g your cut encl to c111 e11d. 
Co11necti11g that up to your cut end. Sec \\"hat happens then. (Lesson 2) 
Ms Brown, particularly when the students were working on the Summary 
Sheets, often read what they had written and commented on it or questioned it. 
However, the comments were often product oriented with the intention of improving the 
written work. 
Student Participation 
Student involvement was restricted during the group activity time because they 
needed to wait for instructions before moving on to a new activity. Many groups 
became off-task during this time as they had completed the work and, although some 
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groups did continue working with the circuits, most groups waitt.:d /'or tht.: next set of 
instructions. 
The categories and numbers of studi.mt utterances were similar to those o/' Ms 
Brown (Figure 6.4). As with Ms Brown, the majority of the student utterances related to 
task management (6SC%) with many of them being group convl!rsation incidental to the 
presence of Ms Brown and in which Ms Brown did not engage. They often used thl! 
teacher's \'isit to check that what they were doing was correct or that their ci1c.<iits wcrl! 
right. 
Feedback 
1 %  
Studcnt u\lcrnnces when teacher al!ending group� 
-------- ----------
r-.fanagerial Conceptual 
73% 14%, 
Equipment Task Information Closed Task and 
offered to questions feedback 
teacher to teacher 
7% 65°!.i 2% 2% 1% 
Responses Responses 
to open to closed 
questions questions 
2% 7n, ,o 
Note: A further 1 3  % of comments were general comments or unintelligible 
Figure 6.4. Student utterances by category when teacher attending groups 
When infomrntion was offered by the students it was usually related to \\'hich 
circuits worked or what happened with no real understanding demonstrated: 
St11de11t 
Jvfs Brown 
Thev 're 110! as briRht. 
Let's have a look. Okay. This is interesting. (Lesson 4) 
No further discussion was entered in to and i t  was rare for students to voluntarily offer 
information about their understandings or to share their successes and ideas. 
Discussions included responses to closed question, which may have developed 
some understanding (Table 6.2). These however, were often tenninatcd with little 
understanding demonstrated: 
Student 
Ms Brown 
St11de111 
St11cle111 
Ms Brown 
St11de111 
The second one we tried it there witholll this and it does11 't glow 011(\' 
one works, on(v one really works 
You 're using 1.2 g/ohe volt glohcs! 
Yes 
No, /.2 that 's /.2. 
You got a flash of light there. Okay. Right. You you put doll'// your 
preclictio11s? 
Yep. (Lesson 3 )  
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Most of the responses to open questions occurred in Lesson I when discussing 
direction of current !low. The closed questions asked of"Ms Brown usually n:quin:d her 
to confirm the action that the students was about to take: 
St11de11t Shall I pw the globe 011 there'! (l.es.1011 I) 
Student Three 4.5 volt ones and thrn nine two 9 volt halleries. Would it 11wller i
f 
I did that'! (l.cs.rn11 3) 
The students' responses to questions were usually short and offered little 
explanation, allowing Ms Brown little insight into their understandings. 
Table 6.2 
Types of Interactions Between Ms Brown and Students in the Group Situation 
Type of utterance 
Managing class or group 
Managing equipment 
Managing task 
Explanations 
Open questions 
Responses to open questions 
Closed questions 
Responses to closed questions 
Infonnation from students (conceptual) 
Task management (conceptual) 
Unintelligible 
Other 
Percentage of utterances from: 
J'vls  Brown 
6 
7 
71  
3 
2 
7 
3 
Students 
7 
65 
2 
2 
7 
2 
1 3  
Most utterances from both Ms Brown and the students related to task 
management with some having a conceptual component. The next highest category was 
closed questions with 1 1  % of Ms Brown's utterances being questions, and 12% of 
student utterances being responses (Table 6.2). 
Use of Scientific Vocabulary 
Ms Brown's use ofbattc1y, globe and circuit were vc1y high in 1hcsc 
discussions, with positive and negative also being used ofien. This usage was nearly all 
related to the building of circuits or to the initial instructions given when Ms Brown first 
circulated round the groups. The students' use of these words was also quite high 
although less so for 'circuit'. Switch was used often but only when Ms Brown was 
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questioning the students about where they planned 011 putting their switi.:11. The 
remaining scicntilk terms were used infrequently hy both Ms Brown and the students. 
l\'lr Carter 
General 
There were fow interruptions from visitors <luring the group work time and Mr 
Carter spent most of this time with the groups. Ratlwr than work straight from the 
worksheets, Mr Carter tended to reorganise the activities and give the instructions prior 
to the activity. He did not expect the students to progress at their own rate, but the 
lessons were fast paced c1nd students did not appear to get bored or off-task. Mr Carter 
tended to visit most groups early in the session to ensure they were a11 aware of the task 
and were not having difficulties. usually picking-up on specific problem areas: 
lv[r Carter See ifyou can get your circuit to work. (Lesson 2) 
Mr Carter You should have a glohe holder. You should have a hatfel)'. (Lesson 2J  
These instmctions took a very short time. Genera1\y, after this, he visited a limited 
number of groups for much longer periods of time. His interactions with the groups 
during these visits were friendly and he tended to use the nicknames that he had for the 
students although, when necessary he used finn control methods. As with his whole­
class discussions, he encouraged the students to think. He did offer extension activities 
to those groups that needed them, but not all groups had these opportunities. However, 
he did also occasionally suggest extensions to the whole class. Usually, information 
given to the groups was given to the whole class tut this was not consistent. 
The groups did not complete all of the activities in the lesson outlines, and some 
activities were condensed by Mr Carter resulting in students not having the oppot1unity 
to develop the correct understandings. 
Interactions between Mr Carter and Groups 
An analysis of interactions shows a very different pattern to the interactions of 
the other two teachers with 401Yo of the interactions being from Mr Carter and 60% from 
the students. He would ofien attend a group and listen to the group conversation before 
joining in  the discussion. Mr Carter's visits to the groups were task-oriented but there 
was a higher level of conceptual discussion than in the other two classes. 
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Teacher uttcr:rnccs when attending groups ------- -----------
tvlanagcrial 
66'h, 
/ �  
Class Equipment Task 
8'" '" 9'Yc, 49'X, 
Corn:cpllrn] 
J2'X, 
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questions questions feedback students' 
questions 
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Note: A further 2°A) of comments were general comments or unintelligible 
Figure 6.5. Teacht!r utterances by category when attending groups 
Over half of Mr Carter's interactions (66%) were managerial (Figure 6.5 ). He: 
had a limited number of problems with equipment, mostly related to missing globes, 
and most of the utterances in this category occurred in Lesson 3 when he checked to 
ensure all groups had the necessary equipment. Eight percent of the management 
interactions related to managing group behaviour. The tone of the interactions depended 
on the behaviours that were causing difficulties with Mr Carter sometimes rebuking in a 
fun way and other times taking stronger action: 
Mr Carter 
Strulent 
Mr Carter 
Student 
Student 
Mr Carter 
Oh, you did find ii, Calin. Well done. 
Yeah it was in my drawer. 
Yeah Blame Mr Carter. (Lesso11 4) 
Where 's that big rou11d one? 
Carol threw it 011 the floor? 
Go and sit o/11 there. f '111 110! having your tantrums. Jusr go and sit dOl\'11 
on the verandah, Carol, where I can see you. O,·er there. You 're not 
throwing ta11tr11ms and that goes/or anyboc�\' else i11 this room. (Lesson 2) 
There were few occasions when he needed to ensure all students had an 
opportunity to participate and he expected the students to solve some of their problems 
themselves but would offer suggestions to facilitate this: 
Mr Carter 
Bruce 
Stud em 
Mr Carter 
Bruce, you 're part oft he group. Do11 't complain to me. Te!l them yo11 're 
part of the group. 
I '111 part of the group. 
I know. 
Well spoken, Bruce. (Lesson 2) 
Forty-nine percent of the managerial interactions referred to task management, 
usually relating to the construction of circuits, and only infrequently referring to any 
written work. Although on occasion he assisted the groups in  their constructions, he was 
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more likely to question the students to help them to find the answc.:rs, a !-iiluation which 
may have kd to students developing a bcttcr understanding or  circuits, and he 
cncouragL"'li the students to discover for themselves errors that they ha<l rna(k: 
Mr Carter 
Student 
Sllf t! e II t 
St11de11t 
Mr Carter 
Swde11t 
Mr Carter 
!low clid, how. Ditl one g!ohe go o.U' when you, lww did you gel the 
second 011e lojoi11 in'! 
Added a haue1y. 
Add another hat/cl)' and 0110/her wire. 
Which other wire'! 
Oh. Yeah. But didn 't the first g/ohe * go off when you were llying to add 
the scconc/ globe in! U11m. 110. 
Show me how \'Oil did it the11. (Lesson 4)  
The students then demonstrated to Mr Carter how they constructed the circuit which led 
to the recognition that their circuit did not confonn to the instructions. Genera\ly the 
questions in the managerial categories were closed but they were sometimes designed to 
make the students think, rather than respond with little thought. 
The amount of conceptual discussion was fairly high with Mr Carter often 
questioning the groups at some length and listening and responding to their answers to 
help develop understanding. After questioning, he often allowed the students to continue 
discussing amongst themselves before questioning further. Nine percent of his questions 
were open and a further 1 2% of the utterances were closed questions all of  which would 
have assisted in building student understanding (Table 6.3 ). Although there are many 
examples of this style of conversation in groups, an example occuncd in Lesson 4 when 
Mr Carter spent some time with the Focus Group discussing what might happen when a 
globe was unscrewed from the globe holder in a parallel circuit: 
Mr Carter 
Colin 
Geoff 
Student 
Mr Carter 
Linda 
Mr Carter 
Linda 
Mr Carter 
Helen 
What happens ifwe discomiect the other glohe? 
Mmm. Nothing. 
Should still keep going. 
It 'II keep on going because then the electricity 'd pass *fro11t oft he 
batte,y and then to the other side. 
You just disco1111ected this wire. Right. l.fyo11 disconnect the first one, 
Blue What do you thi11k 's going to happen'! Don 't do it yet. Cali 11, I 
wamed to talk ahout it. 
Disconnect the glohe? 
Yeah, ifyou disconnect that one that Colin 's !lying to c/isco1111ect hut he's 
not allowed to. 
Yeah. It should still go because the wire 's go11e through here awl then it 
would go up into here. 
Fair enough Is that what you think, Stack'! 
I think it might. It might 110t tho11gh hccausc. 
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Coli11 
Li11da 
Geoff 
It might still glow 1>111 really c/11/1. 
It might not. I c/011 't think it 's going through. 
I know, I know. I know. 
Mr Carter encouraged all the students to put for.van.! thl:ir idc.:as and, although thc.:y did 
not immediately offer full explanations to support tlwir responses, he encouraged them 
to produce arguments to convince the others that they were right. However, tht: girls in 
the group were still unconvinced a�er some considerable <liscussion: 
Mr Carter 
Helen 
Mr Carter 
Linda 
Colin 
Linda 
Helen 
So, so, hold it. Why do you thi11k it 's going to go oul, /le/en/ 
Because if it goes thro11gl, here. this thillg here, and it goes up here it just 
wo,1 ·1 
So you think 1''11e11 we hreak the circuit from underneath the glohe. Is that 
what you 're hying to tell me/ 
Yeah. 
811t it 's not underneath, it 's the wire. 
Ifwe disco1111ected the globe then the wire might, the eleclricity might go 
through here a11dj11st pass through there. It might not. 
Yeah. 
When the circuit was connected and the globe was working, Mr Carter asked the girls, 
who had been unsure, to explain why: 
Linda 
Mr Carter 
Colin 
Mr Carter 
Linda 
Colin 
Mr Carter 
Linda 
Mr Carter 
Because it does go through there. 
Okay. 
Logical. 
Because, tell me aho11/ that hlack wire ill relation to this yellow ll'ire. 
They 're both joined. 
They 're touchi11g. 
They 're joined so therefore 
It 's connected up. 
Good girl. (Lesson 4) 
From Mr Carter's responses it is impossible to ascertain whether or not he was 
aware of what would happen when the globe was unscrewed and the resulting 
discussion from the students demonstrated the efficacy of Mr Carter's strategies. His 
discussion with groups varied and he sometimes brought the group's development of 
understanding to a reasonable conclusion, but sometimes the groups were either left 
with incorrect understandings or the questions had not been answered. As the topics 
were not always discussed as a class, the students had little opportunity to change their 
ideas. 
Mr Carter also used relevant opporttmities to review work that had previously 
been discussed, questioning the students to consolidate understanding and develop their 
answers more fully: 
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Mr ('arter 
Student 
Mr Carter 
St11clc11t 
St11cle11t 
Stwlcnl 
St11dc11t 
Mr Carter 
Student 
Wlwt 11'01i/t! happen �(11·e put two halferies'! 
It 'II pup. 
It 'll JWJJ. 
* glohc rca/Jy hrig/Jt and it 'II pup. 
l11ac 's too 11111c/J pm1•er}<n· it. 
71tcre 's too 11111ch energy for it. 
711crc 'sjust too much fUJ\t'l'r there then it hlmvs. 
What 's * ll'hat could 1vc say rather titan too 11111d1 power though, too many 
f.'nergy. (Lcsson 2) 
On some occasions Mr Carter was involved in discussions with groups where he accepted the explanations including some c1Tors that occurred, and the group would be likely to assume that all their ideas were correct. As the correct understandings were often not covered in the whole�class discussions, they would be likely to retain their incorrect ideas: 
Student 
!,,fr Carter 
Student 
lvfr Carter 
Stude11t 
lvfr Carter 
Studem 
Air Carter, the bottom of the glohe has lead 011 it *. 
A,/m, amazing. 
Why do they use lead? 
You tell me. 
Maybe because it 's got metal and ii 's a good conductor because it 's 
cheaper that 's *. 
What 's conductor 111ea11? 
Anything that can transfer the [)O\\'er *"' like the i l'irc has a a ahility to 
travel er electricity to come *. (Lesson I J As indicated in the extracts, Mr  Carter also took any appropriate opportunity to check on or extend students' understanding of concepts and tcm1s that they used. He was also willing to admit lack of knowledge. Because of the type of globes, the 4.8 volt globes started flashing when three 1 .5 volt batteries were connected to them: 
Student 
Mr Carter 
Student 
Mr Carter 
Student 
Mr Carter 
Why does ii flicker'! 
I do11 'r know why it flickers. 
Um. Carol said it was because they 're getting too much energy, too 
much energy hut ifit gels too much energy iljust hlows. 
I don 't know 1vhy though, male. I 've 110 idea why. 
With two it doesn 't. 
I'd agree thal ifyou /Jm•e too much energy you 'd h/ow it. (Lcsson :Sl 
Mr Carter's explanations were brief and often repeated something that a student in the group had generated from the discussion rather than offering llC\\' explanations. There were few task related comments and most of the six percent categorised as task and feedback were feedback from the teacher, often neutral hut also emphasising correct ideas from the students (Figure 6.5). 
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There were fc\V teacher statements thal were unintclligihh.: and the general 
comments usually rdatc<l to an imaginary reward that Mr Ca1icr was going to give to 
the best group. treated by the students as a fun discussion. 
Student Participation 
Mr Carter gave instructions at each stage of the lesson and students had to wait 
for instructions, but, because of :], :ice of the lessons, students were rarely off .. \ask . 
They o !lcn continued testing circui,.; . ,1til Mr Carter <.1 ircctcd them to a new activity. 
S1t11.k11t utterances when tc.ichcr attending groups 
,1,,,� 
-16% 
Conceptual 
40%. 
/ I � �/ 1 �  
Feedback Equipment Task Information Closed Task and Responses Responses 
offered to questions feedback to open to closed 
teacher to teacher questions questions 
3% 6% 37% 9% 2% 1% 16% !2(% 
Note: A further 14 % of  comments were general comments or unintelligible 
Figure 6.6. Student utterances by category when teacher attending groups 
The student management utterances usually related to circuit construction \\·ith 
the students also sometimes asking for more infonnation about task management or 
checking on materials: 
Student 
Swdent 
Student 
Mr Carter 
Student 
Mr Carter 
Connected eve131ihing up? 
Yep. 
We 've checked everything bw it just doesn 'r work. 
Swap. Now if tlwt globe, if this globe 's any good and that one 's no good 
will this one still work? (Lesson 3) 
So do we have to do it in the middle so eve1J10J1e can reach it? 
Yeah. It 's one group activity. Come OJI let 's do it. (Lesson 2) 
Nine percent of student utterances were infonnational statements directed to Mr 
Carter with students both offering general infonnation and sharing their successes 
(Figure 6.6): 
Swdent Mr Carter, look. When you 've got that like that ll'hen its 011(v 011c it 
works hut when you put this one 011 it stops. (Lesson 1 )  
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The students questions to Mr Carter were all closed and wcrc olk:n designed to 
check their understandings: 
St11de11t Mr ('{lrfcr, is this lead'! Because ii does11 't work. (Li.:sson 2) 
The students were involved in developing understandings with 1 6%1 of their 
utterances being responses to Mr Carter's open questions and a further 1 2'% responses to 
closed questions (Table 6.3). Some student offered detailed explanations that 
demonstrated extended knowledge: 
Student Because it has to flow in a circle. ft 's like having a chain, when one one 
when one comes out through, one comes out oft he halle1J1, it pushes the 
one i11fro11t which pushes the one in front and so pushes one i11to the 
batten•. (Lesson 1 )  
As i n  the other classes there was a high proportion of unintelligible utterances 
( 1 4%) although 2% of these were again related to the imaginary reward (Figure 6.6). 
Table 6.3 
Types oflnteractions Between Mr Carter and Students i n  the Group Situation 
Type of utterance Percentage of utterances from: 
Mr Carter Students 
Managing c!ass or group s 3 
Managing equipment 9 G 
Managing task 49 37 
Explanations 4 
Open questions 9 
Responses to open questions I G  
Closed questions 1 2  2 
Responses to closed questions 1 2  
Information from students (conceptual) 9 
Feedback 6 
Unintelligible 1 2  
Other 2 2 
The management utterances were the largest category for both Mr Carter and the 
students. The next highest category for Mr Carter was questions, with a high percentage 
of open questions, and for the students was the responses to questions. There was also a 
reasonably high level of conceptual information from the students (Table 6.3). 
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Use of Scientific Vocahu lary The group discussions in M r  Carter's room used far less :-;cientilic language than the other c lasses with the only words that were used frequently being glohe and battery by both J'vlr Carter and the students. Although the use of"scientific terms was limited, the students used them more than Mr Carter rclkcting the fact that the number of" utlc.!ra11ccs by the students was higher than M r  Carter's. The terms were Jess likely to be used in discussing construction o f  circuits than in discussion that might develop understandings. 
Discussion 
The use of  group work is an important part of" tcaching for conceptual change and development (Cosgrove & Osborne, 1 985b) a!IO\ving students to have opportunities to investigate their ideas and engage in discussion with other students which may lead to the development of  new understandings. I t  has also been suggested that this type of c lassroom structure also allows teachers more opportunity to interact with the students (Kempa & Ayob, 1 991) .  
The Teachers' Interactions with Groups In M r  Avery's and Ms Brown's classes the student and teacher utterances were similar in quantity. I n  Mr Carter's class the student utterances were more frequent than those of the teacher giving the students more opportunity to offer their ideas and M r  Carter more opportunity to recognise understandings that the students had. 
Assertion 6/43 During teacher visits to groups, the number of interactions from the teacher and the students are usually similar in quantity although teacher utterances arc generally longer. 
Assertion 6/44 Where student interactions are higher than that of the teacher, the teacher has more opportunity to recognise students' understandings. 
The number of teacher and student interactions related to management was higher in all the c lasses than those related to developing understandings. The proportion o f  management related interactions was less in Mr Carter's class than in the other two. i ndicating that he used more opportunities to facilitate the development of understandings. 
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Assertion 6/45 
In most classes during group work, the number of utterances from teachers or 
students that relate to management, either of the task or of student behaviour, is 
higher than those related to developing understandings. 
The teachers did not always follow the lesson outlines, hut most group activities 
were completed. Mr Avery and Mr Carter both adapted the lesson outlines to suit tlH.:ir 
teaching styk with Mr Avery covering all the activities and Mr Carter missing or 
changing some, resulting in students missing the opportunity to develop some 
understandings. Mr Ca11cr's actions support Assertion 5/1 5 (Teachers may not recognise 
the effects of omitting a part of the curriculum), whereas Mr Avery 's actions introduces 
Assertion 6/46. 
Assertion 6/46 
Curriculum materials may be manipulated to support a teacher's style of 
teaching but still maintain the integrity of the materials. 
After the instructions for the task had been given, Mr Avery assisted some 
groups with their reading, but expected most students to follow the instructions on the 
worksheet, and to ask if they had problems. Ms Brown, having repeated the instructions 
to the class after the student had read them, also gave individual groups instructions. Mr 
Carter usually checked to ensure that the students knew what they were doing but, rather 
than give instructions, he questioned the students' understanding of the instructions. 
This provides further support for Assertion 5/4 (A variety of methods can be used to 
reinforce activity instructions, some imposed, some allowing student independence). 
The initial check of all groups organised by Ms Brown and Mr Carter did ensure 
that all groups knew what they should be doing, but, in a supportive classroom. it should 
be reasonable to expect students to ask if they were unsure. Students in Mr Avery' s  
class were expected to ask i f  they had difficulties and were willing to do so. This 
supports Assertion 5/2 (Students are more likely to pai1icipatc fully where classroom 
environment is friendly) but also leads to Asscition 6/47. 
Assertion 6/47 
A quick in itial check of a\1 groups ensures students understand the task and 
have the correct materials. 
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Mr Avery was the only tcacht:r who expected tlw students to progress at their 
own rate, with Ms Brown's students waiting for further instructions oncl: an activity was 
completed and Mr Carter's kssons usually fast moving with thc stud<.:nts progressing 
quickly, but en masse. Tht:: studcnts in both Mr Avt:ry's and Mr Carter's classes were 
generally more likely to he on-task than those in Ms Brown's class. Studies have 
indicated that greater learning occurs when students arc on task (Ross, 1 984). When 
students have complctcJ their task and have nothing to do their conversation may well 
be unrelated to the lesson and may distract from learning. It would also fragment the 
lesson as the links between segments of the lesson would no longer be complete, which 
Berliner and Rosenshine ( 1977) felt could cause difficulties for primary students. This 
supports Assertion 5/34 ( If  links are not made within and between lessons, students may 
have more difficulty developing understandings) but also introduces Assertion 6/48. 
Assertion 6/48 
Student involvement i n  activities is increased when students are able to progress 
at their own rate and they become bored and off-task when they are required to 
wait for instructions from the teacher. 
It is important that teachers monitor the groups to ensure that they arc on-task 
and are not having difficulties (Anderson, 1984; Webb, N. ,  1 985  ). All the teachers used 
their group visits to monitor the progress of the work in the groups, however, the 
teachers organised their visits differently. After circulating quickly through the groups 
both Ms Brown and Mr Carter then attended groups, sometimes by request, and spent 
some time with individual groups, often for an extended time. This meant that some 
groups within any group activity session did not have an extended visit by the teacher. 
Mr Avery usually visited most groups within the group activity time for shorter periods 
of time although, occasionally, he spent more time with a group that was having 
difficulties and he did sometimes miss one. Roychoudhery and Roth ( 1 996) considered 
that teachers needed to manage the time so that all the groups had equal access to the 
teacher's expertise. This usually  occurred in Mr Avc1y's class, but only in a limited way 
in Ms Brown's and Mr Carter's classes during the initial quick check of all groups. 
Assertion 6/49 
Because of the demands of supervising group work in a given class, teachers 
may not visit some groups which may disadvantage those groups. 
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All teachers at some stage either read notl!s the students had wrillcn or listened 
to their conversation to ascertain the understandings the students held and to provide a 
basis for discussion. Mr Avery and Ms Brown lt::nded tu read thc SlLJdcnts notes, 
whereas Mr  Carter was more likely to listen tu the group discussion. Although tlH.: 
students in Mr Av1.:ry's class responded well to questions and discussion conducted hy 
the teacher, and consequently the discussions were comprchcnsiv<.:, those in Ms  Hrown 's 
class only offered limited responses. The notes gave Ms Brown additional information 
which helped her manage the discussion which was, however, sti!l l imiti..:d. This 
introduces Assertion 6/50. 
Assertion 6/50 
Listening to group discussion or reading student notes enables the teacher to 
ascertain student understandings and pose questions to facilitate the 
development of ideas and understandings of students i n  that group. 
Part of  a teacher's role when visiting groups is to engage in conversation with 
the group; to answer o r  ask questions (Driver, 1989; Driver et al., 1 994; Webb, N., 
1985); and to help c1··ify the students' thinking (Cosgrove & Osborne, 1985a, 1 985b). 
The discussion between the teachers and the students during group work was very 
different. Mr Avery used a small part of the group visit time to ascertain student 
understandings and engaged in questioning that might develop understandings. 
However, his conversations with groups were often used to correct constructions and 
sometimes to correct drawings, activities which helped develop a better understanding 
of circuits. Ms Brown only engaged in d i scussion likely to develop conceptual 
understandings when visiting groups in the first l esson. However, the discussions were 
incomplete and students may have been lefi with incorrect understandings. Mr Carter, in 
most of his group visits, listened to the students to find out what their discussion was 
about, and what understandings they had prior to becoming engaged in the discussion 
and asking questions. 
One of  the teacher's roles in group work i s  to question the students to help them 
reflect on their ideas and develop a bclter understanding (Barnes & Todd, 1 977; Driver 
et al., 1 994). Both Mr Avery and Ms Brown engaged in limited discussion that would 
generate conceptual understanding although Mr Avery was more inclined to use open 
questions than Ms Brown with both teachers also using closed questions. The students 
in Mr Avery' s  class were also more likely to offer explanations that demonstrated their 
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understanding supporting Assertion 5/17 (I r studcnts an.: ,1bk to extend their answers, 
more complete answers arc offcn.:d and teachers havt.: mon: opportunity to n.:cognist.: 
umkrstamlings).Mr Carter tended lo take on the role or  facilitator (Roth, I 1J95 ). I k used 
his group discussions to promotr conccptual uml!.:rstanding and was succcssful in 
eliciting responses Crom students. 
Assertion 6151 
Teacher visits to groups may be used to facilitate the development of conceptual 
understandings through discussion and questioning. 
Mr Carter facilitated the group <liscussion effectively but did accept some 
incorrect answers from the students, resulting in groups being left with unscientific 
understandings, as did M s  Brown. Neither Ms Brown's  nor Mr  Carter's knowledge of 
electric circuits seemed complete and Gilbert et al. ( 1 982) and Hashwch ( 1 985) 
considered that less knowledgeable  teachers may reinforce students' incorrect 
understandings. Although the teachers engaged in appropriate discussion it is doubtful 
whether much of it actually enabled the students to reach better understandings. Even 
M r  Avery's discussions were, on occasion, inconclusive. Ms Brown's and Mr Carter's 
lack of recognition of misunderstandings supports Assertion 5/25 (Teacher who lack 
science knowledge may accept or reinforce incorrect understandings). 
Infomiation imparted to individual groups often needs to be passed on to the 
whole class. This is particularly important where groups may ha Ye incOJTcct 
understandings or when the teacher's discussion with the group has resulted in an 
inconclusive outcome. Mr  Avery ensured that anything discussed with individual groups 
was also discussed with the whole class, but Mr Caticr did not always remember to Jo 
this and Ms Brown usually only passed on infom,ation that was related to written work. 
Students, therefore, had little opportunity to consider explanations developed in other 
groups or to ensure that their understanding was correct. Where the teacher had given a 
group information or explanations that would help their understanding this was not 
given to the other students. 
Assertion 6152 
Acceptance in the group discussion of students' answers that arc based on 
unscientific beliefs may result in students retaining incotTect understandings i f  
the concept i s  not later discussed and clarified in  the whole-class discussion. 
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Assertion 6/53 
Information and ideas developed with or given to individu:.11 groups also need to 
be given to the whole class. 
Mr Carter also used the group discussion ti 1rn: to review work tlwt thl! students 
had completed previously and relate it to the L:Urrcnt work; neither Mr Avery nor Ms 
Brown related past work to the current activity during small group discussions. 
Assertion 6/54 
Visits to groups may be used to review previous work or understandings and 
make links to current activities. 
When the students were having difficulties with their constructions, Mr Avery 
tended to correct the circuits, explaining what he was doing as he worked. Ms Brown 
rarely assisted in the construction of circuits although she sometimes offered general 
suggestions and M r  Carter usually used questions to focus the students' attention on the 
problem. Studies have indicated that knowledgeable teachers are likely to correct 
students' errors in their understanding of the activities and in discussions (Dobey & 
Schafer, 1984) but it would appear that this might also carry over into practical activities 
as indicated by Mr Avery's behaviours. Although his explanations told the students 
what he was doing, they did not have the experience of actually constructing the correct 
circuits, whereas in the: other two classes the students changed the circuits thcmse]\·es. 
Assertion 6/55 
Teachers find d i fferent ways of helping students with practical tasks, some of 
which may allow the students more opportunity to learn than others. 
There were opportunities for the teachers to suggest to the students that they 
could extend their investigations with students often finding one or two answers and 
then stopping. Mr Avery and Mr Carter encouraged the students to extend their 
activities with Mr Avery generally suggesting extensions to the whole class and Mr 
Carter to individual groups and sometimes to the whole class. Ms Brown did not 
suggest any extension activities. This supports Assertion 5/21 (More knowledgeable 
teacnr:rs arc able to allow ideas and activities to he extended). 
Summary 
The teachers all related to the groups in different ways, with some lcachcrs 
providing more opportunities for learning than others (Figure 6. 7). 
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r-.,Jr Avery Ms Jlrowu 
Teacher and student utteran,:es Teacher and student utterances 
similar in quantity similar in quantity 
Expedcd all groups to listen 10 Ensured all g1oups knew wha! 
instructions and then use thl'ir they Wl'IC suppo',l'd to be doing 
sheets. If students unsure, by frequent rcpl'lition of 
supcr\'isl·d and helped with in.',truction.; 
reading of slwds 
Students cxpl·cted to progress at Studcn!s progressed as a r !ass 
th.:ir own pace 
Generally most groups visited Tended to monitor all groups 
for a limik·d time, although quickly and then visit a limited 
som.:times stayed with one number of groups for a longer 
group for a long period. Groups time. In each activity session 
rarely not visited some groups were not visited 
Monitored work and group Monitore<l work and group 
processes processes 
Limited use of group visit time Limited use of group visit time 
to develop conceptual to develop conceptual 
·un<ferstanding. understanding. 
Occasionally extended and Occasionally extended and 
checked student understandings checked student understandings 
Some use of closed questions Some use of closed questions 
that might develop that might develop 
understandings understandings 
Some use of open questions that Very limited use of open 
might develop understandings questions 
Discussion related to conceptual Lack of closure to discussions 
underst�nding always completed resulted in groups not having 
and groups left with correct correct answers with groups left 
understandings with incorrect understandings 
Information given to groups also Infonnation given to groups not 
given to whole class given to whole class unless it 
was related to written \VOrk 
Rarely reviewed during group Did not review during group 
visits visits 
Teacher corrected student Very little help with circuit 
circuits by re-building and construclion. Students tended to 
explaining what he was doing. look to see what other groups 
were doing 
Did not encourage individual Did not suggc:,t extensions to 
groups to extend investigations individual groups but did 
but asked whole class to occasionally to whole class 
Managed behaviour problems by Managed behaviour problem by 
listening to students and use of firm reprimands 
redirecting them 
Monitored and advising groups Monitored and adjusted groups 
so that all students participated so all students participated 
D Situations that increased D Situations that limited opportunities for opportunities for 
learning learning 
Mr Carler 
Studetl! utterall(.:C'> more frequenl 
1!1an leaclicr''> 
b1'>ured all gro11ps knew wJ1;;t 
1!iey were '>uppo,ed to he doing 
by visitmg/ehecking on groups 
wilh questions. ln'>truction g1ve11 
as net:essc1ry 
Stucknl'> progrl'sscd as a cla<,s 
but lessons were fas1 p<H:cd 
Sometimes monitored all groups 
quickly, then visited a limited 
number of groups for a longer 
time. Jn each activity session 
some groups were not visited 
Monitored work and group 
processes 
Used discussion and quest10ning 
lo develop understanding 
Extended and checked student 
understandings 
Used closed questions that might 
develop understandings 
Used open questions that might 
de\·elop understandings 
Accepted incorrect statements. 
Lack of closure to discussions 
with groups left with incorrect 
understandings 
When infornmtion given to 
groups, sometimes given to 
whole class 
Revie\\"cd pn·\·ious work with 
groups 
Corrected stu<lem circuits by 
questioning students to elicit 
suggestions for changes and 
sometimes making suggestions 
Encouraged indi\"idual groups to 
extend their im·estigations 
Varied responses to behaviour 
problems depending on 
circumstance 
Sometimes checked participation 
but not often 
D Situations that inhibited opportunities for learning 
Figure 6.7. Teacher interactions with groups: Opportunities for learning 
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Mr Carter's strategy of listening to the group conversations and then foci litating 
their discussion, both conceptual and practical, gave tht.: stmknts the chance to dcvclop 
new understandings. Mr Avery also offered the students many opportunities to lc.:arn, 
but Ms Brown's interactions with groups tcmk:<l to he limitcd and <lid not often extend 
the stu(1.cnts' understanding. 
Student Partici1>ation when Teachers Attended Groups 
In group work, when students arc expected to work cooperatively and share 
tasks and equipment, problems of sharing and of equal participation of students in 
groups may occtir if students do not have the appropriate organisational skills. 
Generally, Mr Avery's class cooperated well but, where a prob\cm occurred, Mr Avery 
listened to the students and then redirected them, occasionally using firm methods. Hi� 
management was usually not intrusive and resulted in students quickly getting hack on­
task. Ms Brown's students were generally less cooperative and, when problems 
occurred, she generally used finn reprimands which were short and not intrusive. 
However, she eventually reorganised the class and gave structured directions to try to 
solve the problem. This reorganisation was successful for a time, but students reverted 
to their previous behaviour when not being instructed by Ms Brown. Mr Carter used a 
mixture of strategics, sometimes low-key strategies and sometimes very strong 
reprimands. His low-key strategies often passed the responsibility back to the students, 
with advice on how to solve the di fficulty. 
Assertion 6/56 
Students need to  be taught how to work collaboratively and to solve problems 
within a group situation. 
Assertion 6/57 
Tum-taking and cooperation in groups may by maintained by low key or strong 
management solutions. However, imposed management solutions may only 
work for a limited time. 
When the teachers visited the groups, the students from all three classes 
questioned the teacher to check that they had the right equipment. The students in both 
Mr  Avery's and Mr Carter's classes questioned the teacher to check their 
understandings and also checked that they were progressing correctly. Ms Brown's 
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students usually only used the teacher's visit to chcck that what they were doing was 
right. 
Assertion 6/58 
Students may use teacher visits to their groups to check their understandings 
and/or that they are working correctly on the assigned practical task. 
Mr Avery's anJ Mr Carter's students voluntarily shared successes and gl!ncra! 
infonnation, although this was less noticeable in Mr Carter's class. They also showed 
evidence of extended thinking. Few of these attributes were shown by Ms Brown's 
students, supporting Assertions 5/2 and 5/3 which suggest that friendly classrooms and 
responsive teachers result in more responsive students. 
When questioned, the students from Mr Avery's class tended to offer extended 
responses voluntarily with those from Mr Carter's class needing some encouragement to 
extend their responses. The responses from Ms Brown's class were similar to those in 
the class discussions and were short and unelaborated. Jn both Mr Avery's and Mr 
Carter's classes some of the student questions or answers showed evidence of extendcJ 
thinking or knowledge about electric circuits. Where individual students offered extra 
information voluntarily, the teacher had an opportunity to listen to a wider variety of 
student understandings than those offered during whole-class discussions. This supports 
Assertion 5/2 (Students are more likely to participate fully where classroom 
environment is friendly) and 5/37 (If students are able to extend their answers, more 
complete answers are offered and teachers have more opportunity to recognise 
understandings). 
In all the classes when the teachers were at the groups, there was only limited . 
use by teachers and students of the less common scientific tem1s with positive, negative 
and circuit being the most likely to be used. The common tenns such as globe and 
battery were used more frequently, but mainly related to circuit construction. This 
supports Assertion 5/1 8  (Teachers may not use scientific tcnns consistently) and 5/42 
(Students use few scientific tem1s). 
Summary 
When the information is summarised, it is apparent that the students in the 
classes treated the teacher visits to the groups in di fferent ways, although there were 
similarities in Mr Avery and Mr Carter's classes (Figure 6.8). 
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Mr Avery's students Ms Brown's students Mr c·aner's students 
Some development of 'Little development of Engaged in discussion w!1ii.:h 
understandings understandings 111ight di.:veli1p llll(il't 'i\aJlding'i 
Used teacht·r visits to check Used teacher visits to check Used teai.:hcr visils 10 check 
equipment; sometimes In check equipment; the activity; or that equipnrcnt and sometimes lo 
activity; sometimes to check what they were doing was right check u11dct)>\a11dings 
their understandings 
Shared their successes with Only slrnred when asked by Shared their successes w!lh 
teacher voluntarily teacher teacher voluntarily 
Shared general information with No general information shared A few students shared general 
teacher with teacher information with teacher 
Some questions indicated No evidence of extended Some questions indicated 
extended thinking thinking extended thinking 
Offered extended responses Limited responses from students Offered extended responses 
when teacher visited when teacher visited when encouraged by teacl1cr 
Limited use of scientific Limited use of scientific Little use of scientific language 
language by teacher and students language by teacher and students by teacher and students 
D Situations that increased D Situations that limited D Situations that inhibited opportunities for opportunities for opportunities for teaming leaming learning 
Figure 6.8. Student interactions with the teacher during group visits: Opportunities for 
learning 
Both Mr  Avery and Mr Carter's students all participated in discussions with 
their teachers and offered information and ideas. Ms Brown's students were much less 
likely to participate fully in the discussions and consequently, were less likely to have 
opportunities to change their understandings. 
Having analysed the ways in which teachers interacted with students working in 
groups, the next chapter examines the interactions between students in the Focus Groups 
in the three classes. 
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CIIAPTER 7 
Interactions within Focus Groups 
Overview 
This Chapter is an overview of the interactions between students within the tlm.:c 
Focus Groups during the lessons and also examines the teachers interactions with these 
groups. The data analysis only covers the interactions that related to the lesson and 
social interactions arc not included, although they arc discussed. Following the analysis 
of interactions within the three groups, the discussion relates the occurrences to 
assertions that have already been developed and also leads to the development of new 
assertions. 
Mr Avery's Class 
The Focus Group 
Although the teachers were asked to choose average students from the class to 
be i n  the Focus Group, this group's academic ability was considered high by Mr Avery. 
The group consisted of three girls, Ann, Sue and Pat and two boys, Jon and Bob. \Vhen 
rating the students in the class, where one was high and five was low, Mr Avery 
considered Ann, Bob and Sue to be level one students and Pat and Jon level two 
students. However, their pretest scores indicate that they were not very knowledgeable 
about electricity, with Pat scoring equal lowest in the class and Bob and Jon scoring 
third lowest. Ann had the top score in the class, 19 out ofa possible total of 5 1 ,  and Sue 
was equal third highest with a score of 1 1 .  More able students, as these were, would be 
more likely to understand the concepts being discussed and therefore improve their 
scores between pre and posttests. From the discussion and work in the group it appeared 
that some students had some knowledge of electric circuits. 
The group was intact for most lessons, although Ann missed Lesson l a  and a 
small part of Lesson 2 and David missed all of Lesson 4. The students worked 
positively as a group and generally interacted constructively with only a small amount 
of friction and they were good at building explanations as a group. 1 t  was a democratic 
group with fairly even participation, although both Bob and Pat participated kss than 
the others. Ann or Sue tended to take the leadership role in the group although the role 
was not a strong one and may be better described as a leader when needed. On two 
occasions, each time when there was only one group member of a particular gender 
1 63 
present, the group w..is less cohesive anti dcmocrati<.:. Tht.: first instancc was during the 
initial set of h:ssons on the topic of light where Pat was the only girl in the group and 
w.is only allowed limited participation in the activitiL:s and discussions. Tile second 
occasion was during one of the electricity kssons when Boh wai,; the only malc and all 
three lcma\cs were pri:scnt and he did not p<1rticip11tc flJlly in the activities or 
discussions. 
When directed by Mr Avery, the group gcncra\ly discussed the concepts under 
consideration and sometimes fo\lowcd the instructions on the worksheet to discuss 
concepts. Their discussions were usually well organised with students putting their 
points of view but, in Lesson I ,  although there was some constructive <liscus�ion in the 
final group discussion, i t  sometimes tended towards a question and answer session 
where one student would read a question off a sheet and another student rcspondeti, with 
that answer being written down. This \,·as the only occasion that Mr Avery used 
photocopied question sheets. 
The students tended to be independent workers and this carried over into their 
group work with the group progressing through the task without extra instructions. 
Focus Group Use of Group \Vork Time 
The group generally followed Mr Avery's instructions when asked to do an 
activity, draw or write, or discuss topics. 
Hands-on 
activity time 
68% 
/ I �  
Use of group work time 
1 S'X, 
/ ""' 
Activity Discussion Recording Discussion Recording Summary Packing 
61% 4% 3% 12%, 
Figure 7. 1 .  Group activitic,; during group work time 
sheet work 
8'% 
away 
6'% 
The group work time within the lessons was used for hands-on activity work 
(68% of the time), teacher instructed discussion and rcccrding ( 1 8%), Summ:1ry Sh1.."Ct 
work (8%) and packing away equipment (6%) (Figure 7. I ). The activity wmk by the 
Focus Group included some drawing 01· writing about circuits they had constructed and 
some discussion. On some occasions only some of the students were involved in \vriting 
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or drawing LJctivitics but for seven percent of the activity time all the students were 
either recording or discussing us instructed by the worksheet. Discussions in this context 
tended to be short with none lasting more than a minute unless Mr Avery was at the 
group, but they generally showed evidence of development or scientific understanding. 
During the first lesson, when asked to discuss a question by Mr Avery, the group 
members were very involved in their drawing and did not conduct the discussion, but 
they followed all discussion instructions after this. The amount of time allowed by Mr 
Avery for small group discussion was only six percent of the total group work time, 
mostly in the first lesson. However, the group also engaged in conceptual discussion 
outside of the irstructed times and, when these are included, the total amount of 
conceptual discussion time increases to 1 0%. Pat, on two occasion, disagreed with 
comments from the group, but was overruled, once by consensus and once by a more 
assertive group member. Generally the group worked together to develop explanations 
and understandings. 
The amount of teacher directed recording and writing took up 1 2% of the group 
time which increases to 1 5% when the recording that occurred during activity time is 
included. Jon did not always record when asked and his written work was limited and 
Bob, on one occasion, copied Sue's work. The girls' written work contained more 
information than either of the boys with their writing often extending into class 
discussion or group work times. The group completed all the activity work and all 
except Jon completed the written work. 
Packing away equipment used 6% of the group work time but this time was 
snmetimes also used by the girls to complete written work. 
Mr A very only completed two Summary Sheets during the lessons, with the 
Focus Group completing the other two soon after the lessons finished. During the 
lessons, 8% of the group work time was used to discuss and complete Summary Sheets, 
a total of 1 5  minutes (Figure 7. I ) .  After the series of lessons, the Focus Group worked 
on Summary Sheet Number 2, related to conductors, for 1 5  minutes and engaged in 
intensive discussion; and spent five minutes on Summmy Sheet Number 4, which 
examined their understanding of series and parallel circuits, with very little discussion. 
Focus Group \York Habits 
This group, as will be indicated in this discussion, were an exceptional group in 
their behaviours and interactions. During the group work sessions lhcy spent 111ost of 
their time working and there was limited off-task behaviour. There were some instances 
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of talk which was irrelevant to the task during activities or discussions hut, as these 
were usually only one sentence comments they did not distract from the discussion and 
have not been included. Only off-task conversation longer than single sentences has 
been included in the time analysis. Over the total group work time of 1 53 minutes they 
were only engaged in social talk for 1 5  minutes, with the girls more likely to be 
involved in social conversation than the boys. On no occasion was the whole group 
involved in social conversation. Social conversation tended to occur when one or two of 
the students were constructing a circuit and the others were watching, although the 
conversation generally did not distract them from the activity. Apart from some teasing 
which was low-key and friendly, the social interactions were positive with the 
interactions often relating to electricity related subjects. They appeared mostly unaware 
of the recording equipment and, on one or two occasions when some of the students 
were engaged i n  social interactions, suddenly remembered it, but this was rare. 
There were other off-task behaviours during the activity time, again usually 
involving students who were not actively engaged in circuit construction, although they 
were usually only for short periods of time. However, in Lesson 4, Ann was writing 
during much of  the initial group work as well as during the whole-class discussion and 
Pat was often writing during the activities from Lesson 3 onwards. Her practical 
involvement with circuit construction was limited, although all group members offered 
overt or covert support to the circuit builders. All students generally pm1icipated in 
discussions with two notable exceptions. During a group discussion in Lesson 2 in 
which Mr Avery was involved, Sue was constructing a circuit but she was also listening 
at least part of the time as she did occasionally participate in the discussion. In  Lesson 3. 
Pat was wri1ing during a discussion about the brightness of the different voltage globes 
when they were connected to a 1 .5 volt battery. 
During the whole-class discussion times the apparent off-task behaviour was 
more prevalent, generally with the girls writing and the boys using equipment. 
However, it is not possible to state that the behaviour was totally off-task as on several 
occasions, although the students were doing something else, they raised their hands in 
response to Mr Avery's questions. Equally, on some occasions it was noticeable that a 
group member had not been paying attention when they were unable to respond to a 
question directed to them. In the review sections of the lessons sometimes the off- task 
behaviollr was just fiddling with something from the desk which would not normally 
distract the student from the discussion. 
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Pattern and Number of Interactions Within the Focus Group 
The patterns of interactions varied from lesson to lesson with students varying in 
the quality and number of their interactions (Figure 7.2). Generally the interactions 
involved short statements, many consisting of seven words or less, with very few 
comments being of any substantial length. Within the discussion that may have helped 
in developing understandings, only Ann, and on three occasions Sue, made any lengthy 
comments: 
Sue 
Ann 
So she needs to have two wires, one has to be connected to there and one 
has to be connected to the metal shell to make it work and they 've only 
got one connected to the bottom bit. (summarising) (Lesson lb) 
I reckon that when we connect the third one it won 't, it will be, it 'll be 
dimmer because it won 't be able to, it won 't get the battery won 't be out 
of power. That 's. (Lesson 3/4a) 
Both the boys' comments were more limited although in one lesson Bob made a 
reasonable contribution demonstrating his understanding of the concept. 
C Sue 
786 
CJon 
• Bob 
• Ann 
908 
Pat 
Figure 7.2. Graph showing number of utterances by Focus Group students during the 
series of lessons 
Jon was absent for one lesson but made more comments than any other group 
member. He also tended to contribute more during the discussions where conceptual 
understandings were being developed. Ann was absent for two lessons but in the lessons 
attended made a higher number of contributions than Sue. Sue contributed more when 
Ann was absent from Lesson 1 .  Generally the number of contributions Bob made was 
low both in the whole lesson and in the development of understandings. Pat was the 
least l ikely to participate although her number of comments during development of 
understandings was similar to Bob's. 
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A quarter of Mr Avery's i nteractions with the group occurred when he was 
endeavouring to develop understandings, mostly in Lesson 2. This type of interaction 
did occur with other groups, but no other group had Mr A vcry's attention for as long as 
the Focus Group had in Lesson 2. Initially he attempted to demonstrate that a globe in a 
circuit with one wire each side and a globe in a circuit with one wire in one side and two 
in  the other would have similar levels o f  brightness. He then tried to elicit the scientilic 
meaning of 'conductor' without success, although Ann appeared to know it. 
Types of Interactions 
Much of the conversation within the group centred around managing the set task 
and the materials with Sue and Jon often organising the activity. Being a cooperative 
group there were few instances where i t  was necessary for a student to ensure all the 
gr,1up members were attending, although it did happen occasionally. The discussion 
during the development of understandings varied. In Lesson l a  there was little 
conceptual discussion during the lesson but, when the students were given a sheet listing 
the focus questions, there was some more varied discussion. During discussions it was 
sometimes the most persistent voice that received the attention as when the group were 
discussing joins in a circuit. Pat started to explain the joins on the globe but Jon's 
insistence on demonstrating the battery joins resulted in Pat's contribution being lost. 
Sometimes the answers were built by contributions from two or more members who 
constructed an explanation, as when Ann initiated a learning point in  Lesson 3 when, 
having tested the brightness of 1 .3 volt, 2.6 volt and 4.8 volt globes with a 1 .5 volt 
battery, she considered that a 4.8 volt globe should be brightest of the three tested: 
Ann 
,Job 
Pat 
Sue 
Bob 
Ann 
Bob 
Sue 
Bah 
Ann 
Boh 
Sue 
Bob 
Jon 
Ann 
I would have thought it was the other way around. 
No that one. 
That one. 
You reckon that one 's the brightest. 
No * the batte,y. 
No. 
ft 's 011/y a 1.5 and that 's a 11111 4.6 a 4.8. 
You need hy about two. 
So you need another two balteries 011 that to ll'ork. 
Oh, yeah 
Yes, like you see yo11 don 't l hat 's only a that 's 011(\, a I. 3. 
You need two. 
So that 's a I .5 it it 'ti he pretry good. 
ft depends 011 how m11ch power. 
Okay. (Lesson 3) 
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There were some instances of the group constructing UJHJcrstandings outside or 
the discussion prescribed by Mr /\very as happened when Bob read a question off tlw 
sheet allcr separating the drawing pins that were part of the circuit: 
IV/wt does this tell yo11 ahoul the drawing pins'! 
Hey, let 's do this one. Electricity can go through the drawing pins. 
Yeah that 's because the metal. 
No. 
Bob 
Bob 
A1111 
Bob 
Ann We got to do two centimetres exactly and that's why, it 's so we k1101v that 
ii works like that when the t1vo touch but when they. It 's like umjoi11i11g 
the circuit. 
Exactly. S11e 
A1111 The circuits even complete now you could even have them. Oh 110, if you 
had them like that it 'd still work 
Sue 
Pat 
But 1f they fwd to be like touching. 
The current is going through. (Lesson 2) 
Mr A very reinforced this point when he visited the group. 
Thi!i group used the discussion time constructively, often demonstrating the 
development of understandings, with all students, even if they were not active 
participants, generally paying attention. 
The Summary Sheets elicited more discussion, with the group members building 
on suggested ideas. Even Summary Sheet 3 gave Ann and Sue a brief opportunity to 
work together to build an answer although they had been told not to discuss the sheet: 
Because the battery voltage is11 't enough. Ann 
Sue It 's a 1 .5 volt batte,y and it * three 1.3 volt globes, rhat means there are 
not enough electrons i11 the ba1te1y to light up. 
Ann 
Ann 
Ann 
Sue 
Ann 
Batte1y. 
To light up. 
To conduct the electricity to the globes. 
Conduct. 
Mmm. (Lesson 4) 
Use and Understanding of Scientific Vocabulary 
This section examines the use of scientific language by the students and Mr 
Avery in group discussions and discusses the Focus group students' level of 
understanding of science terms. 
Use of scientific vocubulary 
The only words that were frequently used by the group and by Mr Avc1y during 
his group visits, were battery and globe, and these were usually used in relation to 
circuit construction. Circuit was a term that was used by students in the earlier lessons. 
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but less so in later ones, although i t  was frequently used by M r  Avery. Some words 
which had been used in wholc�class discussions were not used by the group. These 
included filament, insulator, resistance and terminal. Positive and negative were usl:d to 
explain circuit now in Lesson \ ,  but  were used infrequently after that. Other words 
which were used infrequently in the group were conductor, energy and electron. 
Generally, the use of scientific vocabulary was limited during group work. 
Understanding of scientific vocabulary 
Ann and Sne had the most comprehensive understanding of scientific tenns, 
although neither was able to offer an explanation for tenninals and resistance, both of 
which were not clearly explained by Mr Avery. Jon's understanding was also ofa high 
level and, although he could expla in  resistance and terminals, he was unable to offer a 
meaning for conductors and insulators, which, again, were poorly explained by Mr 
Avery. Bob was unable to offer explanations for all the tem1s l isted so far, but also had 
difficulty with filament, which only had a l i mited explanation from Mr Avery, and 
circuit, which only had a l imited explanation, but which was used frequently in whole­
class discussions. Pat had the poorest understanding with many of her explanations very 
limited. 
Ms Brown's Class 
The Focus Group 
This group consisted of two boys, Neil and Ryan, and two girls, Tina and Katy. 
Ms  Brown chose students with quite high academic ability for the group, with Neii 
being rated at level one/two and the other three students at level two. Their pre-test 
scores indicated their varying levels of knowledge about electricity, with Neil coming 
third in the class of  32 with a score of 20 out of a total possib le  score of 5 1 ;  Katy 
coming equal eleventh with a score of 1 1 ;  Ryan coming equal sixteenth with a score of 
six and Tina next to lowest with a score of two. The h ighest score in the class was 24. 
More able students, as these were, would be more likely to understand new concepts and 
therefore improve their scores between pre and posttests. Neil had some knowledge of 
electric circuits and Ryan's and Katy's comments indicated some understandings that 
were not demonstrated in the pretests. 
The group was intact for most lessons with the only absence being Neil in  
Lesson 3. The group were reasonably cooperative although Tina did tend to get omitted 
from activities and conversation and someti mes her contributions were not well 
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accepted by the other members. However, she <lid appear lo listen an<l pay allcntion. She 
seemed to relate better to Neil than Ryan and Katy, and seemed very isolated in the 
week Neil was absent. Neil, Ryan and Katy constructed most of the circuits. Even when 
Ms Brown organised the groups so that all students would participate, Tina did very 
little and, when she was building, the other students tended to take over and complete 
the task. Ms Brown rarely gave the groups instructions to discuss topics and the group 
was not one that usually discussed in much detail outside the teacher imposed 
discussions. Neil tended to lead the group in the activities, but he was also the person 
who reminded the others to follow the instructions, for example, to predict results prior 
to testing. He was not an intmsivc leader, but the other group members turned to him for 
help and advice. During the lesson when Neil was absent, Ryan tended to be the leader 
i n  the construction activities, although not in any other areas. 
The group generally followed Ms Brown's instructions, and was reluctant to 
move on to another section of the worksheet i f  they had not been told to do so, as 
demonstrated when they had finished responding to the first section of the Summary 
Sheet in Lesson 1 :  
Ryan Now we 've got to work out um a beuer way I mean to make if work. 
Katy Do we do that? 
Neil I thought we were just waiting. (Lesson I )  
Focus Group Use of Group \Vork Time 
The group work time within the lessons was used for hands-on activity work 
(61 % of the time), teacher instructed discussion and recording (7%), Summary Sheet 
work (29%) and packing away equipment (3%) (Figure 7.3). 
Use of group work time 
� \  
Hands-on Teacher 
activity time instmeted 
7% 
/ �  / �  
Discussion Recording Activity/ Discussion 
recording 
49% 1 21% 3'% 4'\\, 
Figure 7.3. Group activities during group work time 
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Usually the Focus (jroup completed the activity work but in the w<.:ck that Neil 
was absent they did get behind and missed two activities. They were only occasionally 
told by Ms Brown to do written work, usually when it was necessary to get diagrams 
drawn or predictions writlcn down, and the group followed these instructions. Apart 
from in the first lesson when the students were asked to discuss the direction of current 
flow in a circuit, the students were not spccifical!y asked to discuss anything. However. 
the Focus Group often discussed incidentally although this discussion tended to he fairly 
superficial. Of the total group activity time the Focus Group spent 1 Y% in some form or 
conceptual discussion, although, because of the differing opinions of the group 
members, consensus was difficult to attain. Any writing tended to be incorporated into 
the activity with the group following any instructions for recording as they progressed 
through the activity. Ryan was least likely to get started on the written work and tended 
to copy from Katy or Neil. All group members produced similar amounts of written 
work completing most of the requested work. 
A considerable proportion of the group work time (29%) was used to complete 
the Summary Sheets. Ms Brown oflen did not allow the students to discuss these but the 
group did tend to work together on them and discuss them. However, as with other 
tasks, they spent some of this time socialising whilst waiting for further instructions. 
Only a small amount of time was spent packing away and the group worked 
together on this (Figure 7.3). 
Focus Group \Vork Habits 
During the group work time the group members spent much of the time working 
although 1 0% of the time was used for social discussion in which they were all 
involved. Ryan and Katy were also inclined t.o chat socially outside of this 1 0% taking 
up another 4% o f  the time, although it i s  difficult to assess how much their conversation 
was distracting them from the activities, as they sometimes engaged in social 
conversation when constructing circuits. During the group discussions Neil. Ryan and 
Katy dominated the conversation. Tina contributed little although she was usually 
attentive. Generally the interactions were positive with some teasing although this did 
not appear to be negative. There were few other ofT·lask behaviours when they were 
working as a group, allhough sometimes a student would he fiddling with equipment 
that was not being used during activities or writing. 
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Neil, Ryan and Katy also dominated the circuit building with Tina watching. 
The students who were not actually engaged in the bui lding often watched closely and 
would make suggestions and offer help. 
During the whole-class discussion time only Neil was likely to be paying 
attention most of the time although he was sometimes off-task. During the last lesson 
the group constructed their circuit incorrectly and for part of the discussion time, Neil 
was attempting to rebuild it. Ryan and Katy were least l ikely to pay attention, frequently 
talking quietly or using the equipment, sometimes also distracting Tina. During Lesson 
3, when Neil was absent, they were off-task for most of the whole-class discussion time. 
Tina was less likely to be off task than Ryan and Katy but, again during Lesson 3, was 
distracted by the others. The group were often not attending when other students were 
drawing on the blackboard, and this was noticeable in all lessons. 
Patterns and Numbers of Interactions Within the Focus Group 
The patterns of interactions varied from lesson to lesson with students varying 
in the quality and number of their interactions (Figure 7.4). Generally the interactions 
within the group were short with many being less than 1 0  words. Often longer 
statements were related to the construction activities when students were giving others 
instructions, although a few occurred during conceptual discussion: 
Ryan Fourth wire, fourth wire, fourth wire, fourth wire. Right we need, you 
always need one more wire than we have of batteries. (Lesson 3) 
Katy Because you 've got to have the wire connecting to both sides that 's why I 
though you needed two wires. Like you can do it with two wires but 
otherwise you have to do it with one wire so * * *. Did you get that? 
(Lesson 1)  
854 
Neil 
639 
• Ryan 
320 
OTina 
800 
D Katy 
Figure 7.4. Graph showing number of utterances by Focus Group students during the 
series of lessons 
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Tina was least likely to make substantial contributions during any discussion, 
including conceptual discussions. During most of the lessons Neil, Ryan and Katy made 
similar contributions, however, during Lesson 4, Neil's contributions were more 
frequent than any other group member. Neil was absent for one lesson and his total 
interactions wt · .. ·1out three-quarters of Ryan's or Katy's. He also contributed more to 
the conceptual discussion than any other group member. Ryan and Katy had similar 
numbers of interactions during both the activity and conceptual work. 
Ms Brown generally only attended the group for brief periods of time, usually 
checking on their progress. She spent just over two minutes with them in the second 
IP.sson, when the group had several globes that had been blown, trying to ascertain why 
the circuit was not working. She spent a further 30 seconds with them later in the lesson, 
conducting a discussion intended to show that the galvanised wire was not a good 
conductor: 
Nfs Brown 
Students 
lYfs Brown 
Tina 
Ms Brown 
Neil 
}vis Brown 
Ryan 
Ms Brown 
Katy 
Ms Brown 
Ryan 
Did it work? 
Yeah. 
When you put it around. 
Yeah. You were here when we showed you. 
Right. It worked that time that time. Now. 
It flickered. 
Ah. 
You 've got to push it together like thut. 
Okay, it fluctuates a lillle bit. 
Yeah. 
Sometimes it works, sometimes it doesn 't. 
Yeah. (Lesson 2) 
Types o f lnteractions 
There were few attempts by any group members to ensure that all the group were 
watching activities or paiiicipating in discussions with individuals or pairs of students 
sometimes working when others were not at tending. Most of the conversation in the 
group was related to managing the activity work, with any conceptual discussion being 
limited. Neil, Ryan and Katy dominated any activity work and discussion. Tina did o{fcr 
some suggestions, and was very concerned when she considered the group had 
constructed the incorrect circuit for testing the conductors and insulators in Lesson 2, 
and tried to encourage the group to change their circuit: 
Tina 
Neil 
Katy 
We 've got to do this. We 've got lo 11.se this. 
No, we do11 't. 
I don 't care. 
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Tina 
Neil 
Ti 11(1 
(Reading) Okay. No1v you 're going to fl:V to Jll(lke it work again. You 
have a variety of things supplied that you mn use to cm/lW(:f the two 
drawing pins. 
I don 't care. 
Read your i11slruclio11s. ( l ,cssrn1 2) 
The amount of discussion within lessons that developed understandings varied 
considerably from lesson to lesson, with Lessons I and 4 having the most discussion. In 
Lessons 2 and 3 students were asked to make and write down predictions but the only 
teacher directed discussion time was r0lated to the Summary Sheets in Lesson 2. Oflen 
the discussions were inconclusive and this was demonstrated in Lesson 1 when the 
groups were directed by Ms Brown to discuss the direction of current flow: 
Ryan 
Neil 
Ryan 
Neil 
Ka(v 
Neil 
Ryan 
Katy 
Neil 
Tina 
** it went through the wire. 
It went through the positive. 
Yeah. Up his bum. (giggles) 
It didn 'r, it we11f, okay so it went out there, I reckon 
Out there? Out there? Out there? But it 's going to reach the globe, it 
does11 't move the opposite way. 
Does11 't it go out the positive? 
Which one 's the positive? 
Wouldn 't it go out the negative? 
Isn 't therf! a certain way it goes? 
Doesn 't it goes through the positive a11d out the 11egati1·e? 
The group then discussed where the positive and negative terminals of the batteries were 
and then continued discussing the direct I ,  .n of cu1Tent flow: 
Ryan 
Neil 
Katy 
Ryan 
Ryan 
Katy 
Ryan 
Neil 
Ryan 
Katy 
Ryan 
Neil 
Ryan 
Neil 
Ryan 
Katy 
Ryan 
So what do you draw? 
From positive to negative. 
So 11·as that out the positive i11 the negative? 
I11 the negative. 
It can't go out the positive. Yeah I suppose it could. 
(giggles) 
Really technically it could. 
It could go out the 11egative hut. 
I don 't. 
We on(v think it goes ow the positive and i11 the negative. 
That 's a point. 
It does, docsn 't it? 
*** it co11/d11 't. Generating through the hatte1y, it just goes a/1 ll'ays. It 
goes clockwise. 
Clockwise! Well it could go clockwise that wm·. 
(giggles) * 011(v 011e way. 
Okay, so it 's goi11g this way. ls that right? Vo it 's going the O/JJWsite. Oh 
you idiots. 
What was ! wrong( 
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Katy No, I rhi11k vou 're right, /ml whut 's Neil done'! I le 's doing lw(f"of his 
arrows one ll'U_)' wul lwlfthe or her. (Lesson I )  
Neil actually drew his arrows going from positive to negative. 
I n  Lesson 4 they followed some of the instructions on the sheet and predich..:d 
and discussed and there were also instructions from Ms Brown to discuss parts of the 
lesson. Much of the discussion involved controversy about the brightness of the glohcs 
in parallel circuits with students unable to agree whether they became brighter when one 
was removed: 
Katy 
Ryan 
studenr 
Neil 
Katy 
Neil 
Katy 
Neil 
Ka(y 
Neil 
Rya11 
Katy 
Neil 
Neil 
Neil 
Katy 
Ryan 
Katy 
They go dimmer. They go dimmer. 
It's brighter 110111• 
No they 're dimmer. 
I reckon they 're the same. 
That one 's the same hlll that 011e 's dim. 
Yeah. 
That 's the same voltage. 
I'm not so sure. 
Maybe it 's because they had travel through that, I don 't k11ow. 
That 's a a little globe holder. 
Speed of light. 
Now they 're all the same sort of. well, maybe. 
You do11 't k11ow what you 're what you 're talking aho11t. 
There it goes. 
Hey, look! It went brighter. Watch this. See it go hrighter. 
Yeah, That one, that 011e. That 011e did and that one. that one goes 
dimmer and that one goes brighter. 
It does not. 
No, that one slays the same Clll(l fhat one goes hrighter. (Lesson 4) 
In the first lesson there was some discussion about the joining points in the 
circuit although there was no overt demonstration of  understanding, just instructions 
how a circuit needed to be constrncted. Much of the conceptual discussion related to the 
way circuits were constructed with little discussion of why things were happening: 
Neil 
Katy 
Neil 
Tina 
Ryan 
Katy 
Katy 
Ryan 
No, that one has to go 011 the bottom. One has to go 011 the side. One has 
to go 011 the bottom 
How do you know'! 
T!tat 's how it works. Cos my sister docs it. No, 011 the hottom grey hit. 
It didn 't work. 
l\- if OIi? 
No. Hold the *. Someho(�V 's got lo put it 011 the this little sifrcr hit du11·11 
there. 
011 the h/ack hit. 
Tina, hold the black hit / 'II hold this one. (Lesson I )  
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Generally the group's discussions relating to the Summary Sheets did not 
involve much conceptual understanding but did refer back to the activities in tlw lesson, 
using those to supply answers to the qucstions. In Lesson 2, when the students were 
asked to discuss how the Summary Sheet problem could be solved, the group inil;ally 
asked Neil what to do, although Katy did offer another solution and checked with Neil 
to sec if it would work. The discussions tended to be argumcntati ve rather than 
constructive: 
Rya11 She needs she needs three 1.3 volt globes. 
Katy With three batteries. 
Tina Four batteries. 
Katy Three. 
s Three. 
Tina Four. 
Ryan We 've only got three. 
Katy Three, because four 'd blow it up. 
Tina Three 1.5 batteries, right. Only uses the three three 1.3 volts as opposed 
to 3.6. 
Ryan Three 1.4. 
Katy Because 1.5 is 4. 
Katy 1.5. 
s 1.5, so we ·ve got 4. 5 i11 three batteries. 
Ryan Have three 1.3 equals 3. 
Katy Equals 4.5. (Lesson 3) 
There was little evidence of students building on each others understandings, 
although i t  happened occasionally. In Lesson 4 the students had difficulty completing 
the Summary Sheet and they together generated an interesting answer that did not 
answer the question and used science tenns that were not understood: 
Neil Jo has to make a parallel circuit. (writing) 
Neil How 're we going to write stuff 011 that. 
Neil Parallel circuil. But they ail have to he 011 top. 
Tina She said, she said we have to make a parallel circuit so we have ro make 
a parallel circuit. 
Neil But f don 't know what to write ahout it. 
Ryan Say she will have to change her simple circuit to a parallel cirrnit. That 's 
what I put. 
Neil That 's what I wrote. 
Katy Therefore it won 't use as much energy so 
Neil So the the light will save energy so 
Ryan uh By using the parallel cirrnit 
Katy The halle1J' will 
Neil So there will he co11scr\•atio11 of energy. 
Rya11 Yeah. hy using the parallel circuit <!1/L'rgy is co11sen·et!. 
Neil That 's right. 
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Neil A parnliel circuit suvcs energy. 
Katy Why does it save e11ergy'! 
Neil I t/011 't know, : t/011 ·, know. 
Katy (Writing) She needs to cm111ecl the wires each glohe so. Oah. how do you 
make a parallel circuit'! (Lesson 4) 
Ms Brown did not use her visits lo the Focus Group to develop understandings. 
Use and Understanding of Scientific Vocahul11ry 
This section examines the use of scientific language by the students and Ms 
Brown in group discussions and discusses the Focus group students' level of 
understanding of science tem1S. 
Use of scientific vocabulary 
Ms Brown was rarely involved with discussion with the Focus Group and the 
only tem1s she used in her interactions were battery and globe with on� mention of 
circuit. 
The terms that were in frequent use during the group discussion were battery, 
globe, positive and negative and these were usually used when constructing circuits. 
Circuit was a term that was used in all lessons, but not to the extent of the previous 
group of terms, and was used as a label describing what had been constructed. 'Current' 
and 'electron' were terms which were used in whole-class discussions but were not used 
in the group. The use of the tenn 'electron' was limited in the whole-class discussions 
and mainly used in the first lesson. Some tenns, such as conductor and insulator \\'ere 
only used in the lesson in which they were introduced (Lesson 2). with insulator used 
very little. These tenns were also only used by Ms Brown in Lesson 2. 'Parallel' to 
describe a circuit was used <luring Lesson 4 when the students were trying to complete 
the Summary Sheet, but 'series' was not used at .:.11. Generally, the use of scientific 
vocabulary was limited during group work and tcndc<l to be used to name objects. 
Understanding of scientific vocabulary 
Neil had the most comprehensive understanding of scientific tenns, although he 
only offered a poor explanation for globe and energy. The tenn 'globe' was not 
exp!.iined by Ms Brown, although most students would have an everyday explanation 
for it, and 'energy' was only explained incidentally. Ryan was unable to explain the 
terms 'globe', 'energy' and 'electrons'. Tina and Katy demonstrated the least 
understanding with many of their explanations very limited. 
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Mr Carter's Class 
The Focus Group 
Mr Carter chose sttalcnts with a range orahil itics for the Focus Group which 
consisted of two boys, Geoff and Colin, and two girls, Linda and Jlclcn. When rating 
the academic ability of the students in the class, where one was high and five was low, 
Mr Carter considered Geoff to he level one, Linda level two and Colin and I lclcn level 
three. The pretest scores for the studentr. indicate that they were generally not very 
knowledgeable about electricity. Colin was eighth in tlic class with a score of I (); Geoff 
came fourteenth scoring I O; Helen came 2 1  st in the class with a score of eight; and 
Linda scored second lo\',rest in the class, with a score of four out of a possible total of 
5 1 .  The highest score in the class was 29. More able students, as Geoff and Linda were, 
would be more l i kely to understand the concepts being discussed and therefore improve 
their scores between pre and posttests. Initially i t  appeared that the students in the Focus 
Group had little knowledge about electric circuits, but Geoff made some comments that 
indicated that he knew more than was indicated by the pretest and interview, although 
he did not share his knowledge with the group. 
The group was intact for two of the four electricity lessons, with Colin being 
absent for the first lesson, and Linda away for the third lesson. On each occasion, Mr 
Carter replaced the missing student with another student from the class. For the first 
electricity lesson Colin was replaced by Allen, a student who appeared knowledgeable 
about electricity, but who had some idiosyncratic ideas. On the second occasion, Linda 
was replaced by Fiona, a quiet but knowledgeable student. Both of these students were 
rated level one i n  ability and both gained high scores in the pretest with Allen being top 
of the class with a scori2 of 29 and Fiona third with a score of 23. The Focus Group 
lacked cohesion and the students were not cooperative, finding i t  difficult to interact 
positively. There were many negative comments and some name calling during their 
discussions. They found it very difficult to stay focussed on any given task, with Geoff 
often being the student who led the conversation into other areas, and with their social 
conversations being wide ranging often with negative connotations. 
During the first lesson Helen and Linda worked together and Geoff and Allen 
both worked by themselves. After this there was little cooperation i n  the activities with 
one student often doing the work and the others talking socially. 
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Most discuss:ons held by the group were superficial with the only lprnlity 
discussions involving all I.he students occurring when Mr Carter intervl.'.ncd. In Lesson I 
he elicited the correct explanation of'the now ofcurm11 in a circuit, mainly frqm Al len 
and then asked Allen to attempt to explain to the rest ofthL'. grour,. Both 1hc discussion 
and the explanations were constructive although Cieofrs attitude was negative. In the 
last lesson the discussion with Mr Carter during thL'. group activity time was of a high 
quality and Jcmonstratc<l thc development of understandings (pp. 1 4(, ·· 1 4  7 ), hut the 
quality of the discussion when Mr Carter kit reverted to a low level. Prinr to completing 
Summary Sheets Mr Carter usually gave groups the list o f  focus 4uestions that were in 
the lesson outlines, intending these as a focus for group discussion. This time was 
poorly used by the students in the Focus Group and, rather than attempting to develop 
understandings, they answered the questions with little thought. Geoff, Colin and Linda 
tended to be involved i n  the discussions with Helen only ocl.'.asionally contributing. 
However, all o f  the group, at some stage, did not participate. 
There was no one student who appeared to be the leader in the group, although 
Colin often did the circuit building, sometimes whilst the others were chatting socially. 
Helen seemed more isolated within the group than the others and was less likely to 
participate. Generally this group showed little evidence of independent work, neither 
following instructions effectively nor working on their own. 
Focus Group Use of Group Work T;me 
The group work time within the lessons was intended to be used for hands-on 
activity work (35% of the time), teacher instructed discussion and recording ( 1 6%), 
Summary Sheet work (46%) and packing away equipment (3%) (Figure 7.5). 
The group rarely followed in ful l  Mr Carter's instmctions to do an activity, draw 
or write or discuss a topic. They would sometimes do the work, but i t  was often at a 
minimal level and the discussions were usually brief, often just at a question and answer 
level, with little discussion about the answers and assuming that the first answer offered 
was right. Occasionally there was some limited discussion but there was o ften a 
negative feeling about the interactions. Generally the discussions or questions and 
answers were very brief, with the only longer discussions occurring when Mr Carter 
attended the group. When asked to discuss the lesson at the end of Lesson 2, the group 
did not discuss science at all. 
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As will be discussed i n  the next section, the amount of time this group actually 
spent on the activities and discussion was considerably less than the amount allowed 
because of their high level of off-task behaviours. During the hands-on activity time 
there was minimal conceptual discussion, and. although the worksheets included 
recording, the students only recorded whi:n they were reminded by Mr Carter. In 
Lesson I ,  Allen made some comments that, with more discussion, may have engendered 
some understanding, but these were not followed up by the other group members. An 
example of the students' poor use of discussion time shows that. in a 1 5  minute segment 
of discussion that occurred in Lesson l ,  the group only spent 40 seconds in voluntary 
discussion, with a further two minutes o f  discussion when Mr Carter attended the group 
and slightly more than two minutes used by Allen to explain current flow to the group at 
Mr Carter's request. 
In Lesson 1 all the Focus Group students looked at Allen's recording and copied 
his work. In the other lessons Linda and Helen usually d i d  some recording with both 
Geoff and Colin copying their work. 
The amount of teacher directed discussion which should have taken place was 
quite high when both the general discussions (7%) and the discussions around the focus 
questions ( 1 9%) arc considered. Because of the lack of whole-class discussion of most 
of the focus questions, and the Focus Group's limited responses to the questions and 
poor use of discussion time, the zroup would have been left with many 
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misunderstandings or limited understandings. When discussing the way a series circuit 
was constructed the responses were very limited: 
Colin 
Geoff 
Fiona 
Colin 
Fiona 
(reading) Is the circuit similar to the circuit you Jim/ in your torches'! 
Yes, hecausc. 
The hallerv is co1111ectc:d to a li1:ht g/ohe. 
flow:) 
/Jecm1se the hal!cry 's co1111crted lo the Ji�ht glohe. (Lcs.'.on 3J 
When the students were working with the focus questions, it was often the student who 
read the question who also answered it: 
C olinllimla 
Geoff 
Helen 
Geoff 
Linda 
Colin 
What was needed to co11struct the model? 
I c/011 ·, care. 
What 11•as that Geoff' 
Some wires, a glohe. a hattel}', 
Yeah. that 'II do. 
How \\'ere the batteries co1111ected? By ailigator clips. Ami a tacky hand 
(Lesson 4 J 
The proportion of time for completion of Summary Sheets ;vas also high at 27%, 
but nearly half of this time was i n  the first lesson where they had nearly an extra hour's 
working time, which was supposed to be used to discuss the focus questions and work 
on the Summary Sheet. The Focus Group only discussed the topics for just under 12 
minutes, with two minutes of this time occurring when Mr Carter attended to the group 
and another two minutes used by Allen explaining how battencs worked at Mr Carter's 
request. As usual, the responses to questions were very limited. Where time was allO\ved 
in  the lesson for specific discussion of the Summary Sheet, the students relied on one 
student to supply the appropriate answers and there was no real discussion: 
Linda 
Allen 
What does it need, Allen? What does it need? 
It just needs the wire going from the back of the batte,y hack through to 
the globe or from here from the other terminal of the ha fiery. (Lesson I )  
Only one Summary Sheet was completed during the lesson; one was completed for 
homework and, as there are no records of how long the students would have taken, the 
time has not been included in the totals; and the other two were completed in class time 
after the science lesson during which time there was no discussion beyond any that had 
occurred during the science lesson, which, for the Focus Group, was negligible. 
Only 3% of the total time was used for packing away and this tended to be 
acrimonious, with arguments as to who was to return the student kit. On one occasion, 
nobody returned the kit and it was left on the desk. 
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Focus Group \Vork Habits 
During the group work sessions the group were frequently off-1:isk. Thi.: a1110unl 
of time spcn1 on social interactions was high and thi.:ri.: were rn11sta11t wrhal 
interruptions tn the !low of work within the group. l>uri11g J ,css1m I ,  then: wcri.: 4<J 
interruptions during group activity time. when al l  the group wcrc dislrach.:d . hi.:qw.:nl ly 
all the group mcmhcrs were involved in social conversation, although somctimi.:s OJH.: 
member, cith::r Colin or Linda, would he constructing a circuit with the otht:r mcmhcr<., 
not paying any attention. During thi.: total lesson time of just over six hours, the; whok: 
group was engaged in social interactions for nearly on<: qu<.1rtcr of the: tirn<: (78 minutesJ 
with off.task con\'crsations occurring across all types of acti vit1c:s. 
Geoff was the student most likely to be off-task, usually talking but som<:timc:s 
doing nothing although not attending. Although conversation was the most common off­
task behaviour, students also sometimes used the equipment, ofti.:11 inappropriately. or  
were sometimes writing. 
During the whole·class discussion time it was rare for all the group to he paying 
attention at the same time. Linda and Helen needed to turn to face the black hoard and 
they were more likely to pay attention. However, it was often intem1ittcnt ,,·ith both 
frequently turning back to their desks. When the whole-class discussion was long they 
sometimes held quiet conversations and they were occasionally drawn in to Geoff and 
Colin's conversations. Linda ,vas sometimes writing during the discussion time but 
general ly  the girls' off.task behaviour involved watching what Geoff and/Or Colin were 
doing. In Lesson I ,  because of their off.task behaviours, the group did not complete 
some o f  the activities and, when asked to raise ha;ids to indicate whether c ircuits 
worked or  not they looked to see how Allen was responding and copied him. Geoff and 
Colin spent much of the whole·class discussion time off-task, either t.i\king. using the 
equipment, often inappropriately, or just gazing around. 
When instructed to test circuits the students often did not do so. When the whole 
class was questioned afterwards, they would follow the class and raise their hands when 
most class members raised their hands in response to the teacher's question. 
Pattern and Number of Interactions \Vithin the Focus Group 
The patterns of task related interactions within the lessons varied. In Lesson 
Allen, the replacement group member, dominated the interactions in the discussions and 
Fiona, in Lesson 3, had a similar number o f  interactions as Helen. In Lesson I ,  Helen's 
contributions were high and were close to Geoff's and Lin<la's. Usually Geoff, Colin 
I SJ 
and Linda produced a similar number of statements, with Helen 's  contributions being 
about a third of this number (Figure 7.6). The length of student contributions was 
usually less than 1 0  words, although in Lesson 1 ,  Allen made some longer statements. 
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Figure 7.6 .  Graph showing number of utterances by Focus Group students during the 
series of lessons 
Student contributions varied from lesson to lesson rather more than the other 
groups studied, with Linda making more contributions in Lesson 2, and Geoff in Lesson 
3 when he commented about the flashing globes. During this lesson, Geoff also told the 
group why three globes in series would not work well engaging in no discussion. The 
conversation then became social and, when Helen tried to bring the conversation back to 
the topic of discussion, Geoff considered that it had been discussed: 
Geoff We 've already discussed it. There 's not enough energy coming from the 
1 .5  volt battery to go round three 1 .3  volt globes. (Lesson 3) 
Mr Carter held discussions with this group in Lesson 1 and Lesson 4. On both 
occasions he elicited some quality discussion from the group. The amount of time spent 
with the group was similar to that spent with some other groups, although he did spend 
more time with them than with others in the last lesson. 
Types of Interactions 
Although some interactions related to managing the task, these were l imited and 
the majority of group interactions were social . There was little constructive discussion 
within the group and many interactions had negative connotations: 
Colin What do we have to write here? 
Linda You can do it yourself. 
(Colin tries to grab Linda's file) 
Linda Colin! 
Colin Ah, cool. 
Linda You 're so dumb. 
Helen Shut up, Geoff 
1 84 
Um/a Yo11 're so dumh, Colin. Yo11 r·m, ·1 eve11 ji,.:11re out what !o writ<'. II 's u hit 
olwious. Now you 've crumpled my file. ( W riling) Sccont! hri,.:hlest. I lw1•e11 't writ1e11 wiyt/Ji11,.:. ** fhil. It ,wmld he /md. (Short p..iusc) / don '1 
core. ( Lcs�on 2 )  The students ollcn worked hy themselves although in LL:sson I ,  l . inda and I lclcn worked together. They tended to rn\lcct the materials needed and huilcl c i rcuits with little discussic,n: 
fie/en 
Linda 
Linda 
IV£' 'II 11se this *. 
Yeah. We 'II use yours. / 'II put it. / 'II hold ii here. You plll ii 011 the gold part and / 'II hold it 
there. No I might get electrocuted. 
Allen No, you won 't. You u·o11 ·1 even feel a11ytlti11g. Girls connected circuit 
Linda Well. it does11 't \\'ork does it. ( Lesson l / 
When Mr Carter visited the group, the girls \Vere able to demonstrate one working circuit and one that did not work. Colin  was the student most likely to be involved in constructing circuits but when he did so the other students often took l ittle notice as was the case in Lesson 4 when he had succeeded in building the requested circuit: 
Colin Done it.' Everyone. ! lu11·e done it.1 (Lesson 4/  
The other students in the group were involved in social conversation and ignored him. The amount of discussion that might develop underslandings was very limited but occasionally occurred, sometimes with one person giving the answer as described. and on other occasions there was some l imited evidence of the group building on each other's input, although this was rare: 
Linda 
Geoff 
We have to write a sentence about conductors. 
It 's it 's metal. 
Linda * 
Geoff All conductors are metal. 
Linda No they 're not, they 're not all metal 
Geoff Yes, they are. 
Linda They contain. They 're meta(ic. Social conversation 
Linda 
Geoff 
Helen 
Linda 
No, we 've all got to write tlte same sentence here. Okay. Mo1•e your arm, 
Geoff. (Pause) Move your arm, Geof . Excuse me, Geo.f{ Can you please 
move your arm 1 (Pause) Alf conductors have some metal in them. 
Metallic. 
No, we want. 
Yeah, because you 're a, all all conductors have. 
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Stop playing with things. Colin 
Linda 
Colin 
Linda 
All conductors. All comluctors hm1e metal in them so tlwl !he electricily 
Right. 
So that the clectm11s m11Jlow lhrough !hem. (Lesson 2J 
Mr Carter did not ask the students to discuss the Summary Shc.:cls per se hut 
would ask them to answer the focus questions for the lesson and somctimc.:s discuss 
what they did in the lesson. As dcscrihcd previously, this discussion was very limitc.:d. 
Use and Understanding of Scientific Vocabulary 
This scctioti examines the use.: of scientific language by the students and Mr 
Carter in group discussions and discusses the Focus group students' level of 
understanding of science tem1s. 
Use of scientific vocabulary 
Because of the limited science discussion that occurred in this group, the use of 
scientific tem1s was low, and was often related to the focus questions. Battery and globe 
were used during the cvnstruction of circuits, and battery was used frequently by Allen 
during his descriptions in Lesson 1 .  The terms 'electric current' or 'current' \Vere not 
used at all by the group. Several tem1s, conductor, insulator, terminal, positive and 
negative, were only used in  the lesson in which they were introduced, with other terms 
such as 'electron' and 'energy' used infrequently. Mr Carter only used a fc\v terms when 
interacting with the group with 'globe' and 'circuit' being the most common. 
Understanding of scientific vocabulary 
None of the students were able to explain the terms 'series' and 'parallel' as they 
relate to circuits and both terms were not clearly explained by Mr Carter. Geoff had the 
most comprehensive understanding of scientific terms with the only terms he could not 
explain being 'energy' and 'terminals' although his explanation of 'switch' was limited. 
Colin managed to explain half of the terms well, but was unable to offer any explanation 
for 'switch', ' terminal' and 'electrons'. His explanations of the remaining terms was 
limited. Linda also managed to explain half the terms well, but was unable to explain 
energy, positive and negative, and offered limited explanations for other tem1s. Helen 
had the poorest understanding and was unable to offer any explanation for switch, 
energy, terminals or electrons, with most of her other explanations very limited. 
Discussion 
The students chosen for the Focus groups were similar in ability although Mr 
Carter's class included some lower rated students than the other two classes. 
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Kempa and Ayoh ( 1 995) found that students in secondary schools involvcd in group work did not necessarily impart al! their uru..lerstandings to thc otlu.:r group members although they did not suggest why this might IH: so. 1 1 1 each of tlw Focus Groups then: was at least one student who had sonw knowledge of clt.:ctric circuits and who scored reasonably wr.:11 on the pn.:ti.:st. In hoth Mr Avery's and Ms Brown's grours these umkrstamlings were offcnxl lo other members of the group to assist in construction or circuits or development of understandings. It was usually off�rctl In a helpful. rather than dictatorial, \1,1ay. Jn Mr Carter's group information was rarely offered and. when offered. was presented in a dictatorial manner that prcclude<l further discussion. Geoff, thl! student who appeared to have some understanding of electric ciicuits, did not complete enough indi\'idual work to ascertain whether there were ideas that he did not impart. 
Assertion 7/59 Students with a greater knowledge of the topic than other group members may offer their infonnation or ideas i n  a helpful or a dictatorial manner which may affect the development of understanding. 
Kempa and Ayob. ( 1 99 1  ), Tao and Gunstone ( 1 997) and Noreen Webb ( 1985 J explained that. when working collaboratively, students need to work together to complete tasks and they are expected to interact together to sol\'c any difficulties and provide help within the group. Kempa and Ayob ( 1 99 1 )  also stated that students need to be able to work independently. The Focus Groups \'aried in their group dynamics with M r  Avery's group being cohesive and cooperati\'c; Ms Brown 's group reasonably cohesive although it was less so when Neil was away; and Mr Carter's group being \·ery uncooperative and negative. It is unlikely that. in a nornrnl teaching situation, Mr Carter's group would have been left together but, because of the study, Mr Carter did not change the composition of the group. He did include di fferent students when group members were away which made no di fference to the group dynamics. This supports Assertion 6/56 (Students needs skills to work collaboratively and solve problems in groups} but also introduces Assertion 7/60 
Assertion 7/60 The choice of students to work together in groups needs to be planned carefully to avoid dysfunctional groups. 
187  
1 
The emergence of a leader within a group appears to assist in C.'.ol lahorative learning with both Mr Avery's and Ms Brown's groups producing leaders that helped keep the groups on track. The lack of a kadcr in Mr Carter's group may have been a factor in the lack of cooperation and the limiled work that was produced. Hoth Brown and Palinscar ( 1 989) and Richmond and Stnky ( I (Jt)f,J rceognised thl: ll:adership role that could occur in groups with the latter describing three tyrt.:s, the indusive leader, tht.: persuasive lc;.11..lcr and the alirnating kader. The students \vl10 took the leadership role m Mr Avery's class acted mainly .is inclus!Ve leaders, whereas the student who took the main leadership role in Ms Brown's cluss Jid not fit any of these categories hut fits a new category of '·unassuming". He tended to get on with the task and question understandings in a rather quiet. unobtrusive way. 
Assertion 7/61 A student may direct the group in an unobtrusive manner but still have the role ofleader. 
Assertion 7/62 The presence of a leader in  a group, even if this role i s  rotated between students, faci litates group work. 
Studies (Kahle & Lakes, 1983; Whyte. 1 984) ha,·c indicated that boys tend to dominate equipment use in  science lessons, doing most of the activity work. In \fr Avery's and Ms Brown's classes, although the students shared the acti\'ities, the students in each group with the lowest score on the pretest, Pat and Lisa. were not as involved in using the equipment. There seemed to be no situations where the tasks were shared fairly in Mr Carter's class although, once again, the student with the lowest score on the pretest had little involvement with the hands-on activities. Although it ,vas one of the lower ability students in each group who did not participate as effectively. there may have been different reasons for their lack of participation. It sometimes seemed to he because of pressure within the group where other group members limited a student's input, but, with Helen in Mr Carter's group, it appeared to be a lack of motivation. Noreen Webb ( 1982) referred to a study which indicated that passive behaviour was not conducive to learning and Kempa and Ayob ( 199 1 )  elaborated further on this. They considered that if  the passivity was self imposed and the student did p..irticipatc 
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sometimes, they had opportunities to lcarn. l-lowcvcr, i r it wus imposed hy the group through their attitudes or actions, the student was less likely to learn. 
Assertion 7/63 
Individual group members, either male or female, may use the equipment to the 
exclusion or partial exclusion of others. 
Assertion 7/64 
The students with less knowledge in a mixed ability group may not participate 
as effectively in activities and discussions as those with more knowledge. 
During the group activity time, most of the group interactions \Vere related to managing the task and equipment as suggested in Assertion ()145 (Most group work interactions relate to management). The exception was tv1r Carter's group, where most of the interactions were social. 
The level of 'on-taskedness' was difficult to j udge in Mr Avery's and Ms 
Brown's groups with students sometimes engaging in social conversation, although still 
supporting the other members who were constructing circuits. At other times, \vhen the 
attention seemed similar they were less mvare of what had been happening. During the 
group work, awareness of off-task group members varied. In Mr A\'ery's group. usually 
all the members \Vere attentive but there were a few overt reminders when necessary. Jn 
Ms Brown's group there were only limited attempts to ensure others were attending. 
The Focus Group students from Mr Carter's class often ignored any attempts to involve 
them in activities and found i t  veiy difficult to stay on task, with the student 
constructing the circuits working in isolation with little or no support from other group 
members. Studies have indicated that, when students are on-task, they arc more likely to 
learn (Ross, 1 984) This docs support Assr'iion 6/56 (Students needs skills to work 
collaboratively and solve problems in groups) but also introduces two ne\v Assertions. 
Assertion 7 /65 
Students in groups need to ensure that all members are involved in the task. 
Assertion 7/66 
The students' level of attention during group work may affect their 
opportunities to learn. 
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Myers ( 1990) indicated that ensuring students were on-task was an important job of the teacher and studies have demonstrated lhal students arc generally not as involved in  the work whl!n a tl!aclw1 is not at the group ( Anderson, I (J84; lkrlim;r & Rosenshint::, 1977; Croll & iv1oscs, l 'J88). The teachers i11 tile sludy general ly did not visit the hicus Groups very olh:n, with the students gcnerally on-task when the teacher was there. :Vlr Avery's group maintained tl·, ;:ir attention levels at an acceptable kvcl when the teacher was not attending. as did Ms Brown's group most of the ti1rn.:, with much of their off­task hclrnviour occurring when they had complctcd the sd \Vork. Mr Carter's group were ofien only on-task when Mr Carh.:r was at the group. 
Assertion 7/67 The attendance of a teacher at a group improves group attentiveness. 
Assertion 7/68 Groups need to be taught strategics to enhance attentiveness. 
Linn and Burbules ( 1 993) and Pintrich et al. ( 1 993) suggested that students may be more concerned with social goals than academic. The Focus Group from Mr Avery's class demonstrated the best work habits, with not only little distracting social conversation, but also mostly positive interactions. The Focus Group from Ms Brown's class was less focussed with two group members engaging in frequent social conversation and another group member whose participation was limited. �fr Carter's Focus Group were the least able to work and discuss constructively. There was a considerable amount of social conversation, which was often negative and dl!rogatory but in which all the students participated. When examining task completion, Mr Avery's group was far more successful at completing tasks than either of thc other groups, with Mr Carter's group often leaving tasks incomplete or allowing one student to do the work whilst the others engaged in irrelevant conversation. Ms Brown's group completed most given tasks. but was kss successful when Neil was absent and the group dynamics were less positive. If practical tasks arc not completed, the students would be less likely to understand subsequent discussion, and this would limit the development or undcrstan<l ings. Ross { 1 984) considered that on-task behaviour was important as it increased the amount of learning. 
Assertion 7 /69 The social dynamics of the group may affect their on-task behaviours. 
I <JO 
Assertion 7 /70 
Groups which infrequently engage in  cxlcf'dcd social conversation demonstrate 
more success in completing tasks. 
Assertion 7/71 
Groups which engage in positive interactions demonstrate more: success in 
completing tasks. 
Assertion 7 /72 
Students who do not complete practical activities may find it more difficult lo 
develop understandings. 
Discussion is an imponant aspect of social constructivist learning (Cosgrove: & 
Osborne, 1985a. 1985h; Driver & Scott. 1 986). Group discussurn in hoth Mr A\'cry·s 
and Ms Brown's class ,.,.as generally positive and constructive and any ncgali\'c 
comments, of which there were fewer i n  Mr Avery's class. were usually friendly. Both 
Mr Avery's and Ms Brown's groups engaged in discussion when requested. with \fr 
Avery's group more able to work through understandings and reach consensus than Yfs 
Brown's. However, both groups were able to discuss reasonably effrcti\'cly, a skil l  
which Linn and Burbulcs ( 1993) felt many students did not ha\·e. Mr Carter's group 
often did not discuss when requested and showed little e\'idcncc of constructi\'c 
discussion, with constant negative comments. 
Assertion 7/73 
Friendly interactions and effective discussion skills provide more opportunities 
for learning and therefore better construction of understandings. 
Generally both Mr Avery's and Ms Brown's groups allowed all students the 
opportunity to speak during discussions, although Ms Brown's group was less fair when 
Neil was away. Most of the students joined in, although, as with the activities. the lower 
scoring students were less likely to participate, corroborating Noreen Webb's ( I 982. 
1 985) findings. In Mr Carter's group, the negative comments during discussions limitec! 
reasonable discussion, and precluded reasonable tum-taking or explanations. Mr 
Avery's and Ms Brown's students usually responded to questions from group members, 
with students sometimes explaining how an answer was reached. Studies indicate that 
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cxpla1!alory answers olkr opponunilll'S for k·;1rn111g for both the explainer and tht: 
ljl1t.:stiuner ( \\'chh. i',; . •  l ')X]. 1 ')8)) .  
I Assertion 7174 
Students who engage in cooperative discussion give all students in the group 
opportunities to develop understandings. 
Assertion 7175 
Answers \\'hich include cxp\anatior,s allow more opportunity for discussion and 
learning. 
Brown and Palmscar ( 1 9:;.;1) )  ;:mJ Tao am.I (iunstont: ( l 'J<J7J d11;r.;usscd thi.: henclih 
of articulation and co-constrnction of umkrstanJ111gs. ·r he Focus < iroup from .\1r 
Avery's class demonstrated an ability to build on each other"s u1Hkrstandmgs. a,;; J1d \1s 
Brown·s group. although It occurred less often m tl11s group and som-:.·t1mc'> prn<luced 
non-scientific understandings ! Linn & Burhuli:s. 1 993; Solomon. \ 1JS1J J_ \lr Cartcr·s 
group showed no real c\·idencc of this skil l .  \1r :\\·cry's group oftr.:n discussed topics 
which were not specifically requested by \lr :\\·cry and also engaged 1 1 1  student 1 1 1 1 t 1atcd 
discussion. Ms Brown's group only engaged in lim11cd discussions 1 1uts1dc those 
requested and these were sometimes inconclusn·c . .\1r Carter·:- FrJCu� ( 1r1iup �lid nnt 
engage in any science discussion other than that requested hy \fr Caner 
Assertion 7/76 
Students who are able to accept and build on comments from others have more 
opportunities to develop understandings. 
Assertion 7/77 
Students who engage in  incidental discussion during activities as well as in  the 
discussions suggested by the teacher have more opportunities to develop 
understandings. 
In all the groups the interactions were main Iv \"Cf\' short with nnlv a few hem� . . . � 
more than I O words, although when the teachers were present there was more evidcm:e 
of longer statements, although less so in Ms Brown's class. 
I 
Assertion 7 /78 Group discussion in  primary schools is often only made up of short statements. 
Generally the teachers did not pay particular at\!.:ntiun to the Focus ( iroups, although both Mr A\'cry and M1 Carter on occasion spent some time with them. Mr Avery and Ms Brown only facilitated understandings with the Focus Groups in a limited fashion (Driver, 1 989; Wcbh, N., 1 985) hut, when Mr Carter visited the Focus (jroup, his facilitation of discussion was effective and produced the only constructive discussions from the group. This supports Assertion 6/51 (Teacher visits to groups help students develop understandings), hut also introduces Assertion 7/80 
Assertion 7/79 Teacher support enables more constructive discussions to occur. 
Discussion in science lessons should help the students to develop understandings (Barnes, 1 976; Thomson, 1 978) and Lemke ( 1 990) suggested that knowledge of the appropriate language gives the students an opportunity lo discuss using scientific tem1s. The use of scientific language in all the Focus Groups during the group discussions was l imited, ,vith that in  Mr Carter's group being very l imited. The level of explanation of scientific tcm1s varied, with Mr Avery's group demonstrating the best understanding. All the teachers only used a limited range of scientific tcm1s when engaged with the groups. The students' use and understanding of scientific terms may reOect the level of explanation offered by the teachers as iir Avery explained more of the scientific tcnns than any other teacher, and used them rca.,onably consistently; Ms Brown only used a l imited ranee oftem1s, only explaining some of them; and Mr Carter explained some of the terms he used, but his use of scientific language was more limited than Mr Avery and he used very few scientific tem1s when talking to the group. Many studies have examined the understanding students have of scientific tem1s (eg. Bell & Freyberg, 1 985; Osborne et al., 1 983) and have indicated that, where tcm1s arc not understood by students, the understandings that they develop arc likely to be incorrect. These comments support Assertions 5/18  an<l 5/19 (Teachers' use and explanation of science tem1s) and 5/42 (Students use few scientific tenns). Mr Avery's group was able to follow the instructions, either those given verbally or those on the worksheets, an<l was confident enough to continue on with the t.isk ifno instructions ha<l been given. The group from Ms Brown's class waited for instructions rather than follow the worksheets and much of their off-task behaviour occurred during 
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the times they were waiting. Mr Carter's group only followed any instructions in a limited fashion and did not attempt to progress further. Mr Avl'.ry's class wcre allowcd to work independently and appeared to he allmw<l morc responsibility than the other clafscs. These attributl!s carried over into their group work. 
Assertion 7/80 Students who arc used to working independently of the teacher maintain this when working in groups. 
All the groups had some opportunities to discuss work related to the Summary Sheets or the Summary Sheet problems prior to completing them. The discussion \Vas often constructive and useful although M r  Carter's Focus Group did not use the questions effectively and their discussion remained limited. The Summary Sheets and the focus questions provided a structure for the groups' discussions and, even when they were not used effectively as with Mr Carter's group, did provide questions that needed responses. 
Assertion 7/81 A framework for discussion, eg. a l ist of questions which need responses, encourages all the students to respond in a discussion. However, i t  may not necessarily result in good discussion. 
Part of the groups' work was to listen and pay attention during whole-class discussions. The differences between the quality of the various discussions has already been discussed in  Chapter 5 and these differences would affect the attention of the students. However, within the groups differences occurred. All groups were off-task at times during the whole-class discussions, with the group from Mr Avery's class most l ikely to be attentive although they all appeared off-task on occasion. However, it was difficult to ascertain their level of  allention as. even when they were doing something else, they still responded to Mr Avery's questions. Only one member ofivts Brown's Focus Group paid good attention during discussions with the others often off-task The Focus Group from Mr Carter's class were frequently off-task. Generally. the boys were more likely to be off-task than the girls. These comments support Assertion 5/7 (Student attention is improved when materials arc not available) hut also introduce Assertion 7/82. 
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Assertion 7/82 
Even when students appear inattentive during whole-class discussions they may 
still be paying attention. 
Summary When the Focus Group behaviours are examined, it is apparent that all the.: groups engaged in some hchavi1;L1rs that were not conducive to li::arning, although Mr A vcry·s group showed more positive behaviours than the other two (Figure 7.7 ) .  
i\lr Avery's students Ms Brown's students '.\1r Carter's student\ 
All high ability students i\forc able students ;Vtostly able �tudcnt� 
Some knowledge of electric One member knowledgeable Some knowledge of electric 
circuits within the group which about ele.:tric circuits who circuits but rarely offered to 
was shared with group members shared his knowledge with the group members 
group 
Cohesive group Reasonably cohesive group Very uncohesive group 
Emergence of a leader who was One member tended to lead in No overt leader in group 
accepted by other group discussions and activities but one 
members. More than one student other student partially took on 
able to take role of leader leader's role \vhen needed 
One student participated less in One student participated less in One student participated less in 
activities and discussion activities anJ discussion activities and discussion 
Most group interactions were Most group interactions were Most group interactions were 
managing the task managing the task social 
Attempts to ensure all students Limited attempts to ensure all Some attempts to ensure all 
were attending during activities students were attending during students were attending during 
and discussions activities and discussions activities and discussions but 
ignored by group 
All students usually involved in All students sometimes involved Apart from the first lesson, 
the activity with the activity limited participation and 
construction by most members 
Discussion and support in circuit Discussion and support in circuit Rarely any discussion or support 
huilding building during circuit building 
Limited off task behaviour and Some off task behaviour and Frequently off-task with much of 
social conversation social conversation mostly by the time taken up with social 
the same two group members conversation 
Interactions usually positive Interactions mostly positive Interactions oflen negative 
All students completed most Some students completed most Some members unwilling to 
written and activity '}."Ork both written work when set by the complete written work. Little 
set by the teacher and on the teacher. Most activity work group effort put into completing 
worksheets completed activities 
Usually discussed when asked to Limited discussion requested by Rarely discussed in any detail 
by teacher teacher. Did discuss when asked when requested 
Democratic as far as tum taking Sometimes shared tasks and No evidence of fair distribution 
and discussions concerned. discussions fairly of any tasks 
Able to discuss in a group and Able to discuss in a group but Unable to discuss constructively 
reach a decision unable to reach decisions in a group 
Some conceptual discussion and Limited conceptual discussion Minimal conceptual discussion 
able to build on ideas of other and occasionally built on each and did not build understandings 
students others ideas cooperatively 
All students participated in All students p:i.rticipated in Limited participation in 
discussions although at different discussion!> although at different discussions 
levels levels 
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Mr Avery's students Ms Brown's student.> 
Responded to and discussed Limited discussion of worksheet 
questions un wnrksheL·ts with questions unless requested by 
some group discussion ins!igah.:1\ Ms Brown. Little discussion 
by group nw!11bers instigated by group. 
Most in1cract1011s in group fairly Most inlcraclmm m group r,wly  
shun with a few k1ngL'f shon with a !cw longer 
statements slatcmcnts 
Teacher attended group Teacher rarely attended group 
occasionally and engaged m and engaged in little conceptual 
conceptual discussion discussion 
. 
Used some scientific terms Very little use of scientific terms 
Understood the meaning of some Understood the meaning of some 
science tenns science terms 
Willingness to follow Followed instructions but would 
instructions and continue with not continue task independently 
task without further instructions resulting in off-task behaviour 
Good discussion when given Group members not given focus 
focus questions tjueStions 
Discussion of Summary Sheets Discussion and group work on 
Summary Sheets 
Attention paid during whole Limited attention during whole 
class discussions, although class discussions 
students sometimes off-task, 
usually appeared to be listening 
D Situations that increased D Situations that limited opportunities for opportunities for 
learning learning 
Figure 7.7. Focus groups: Opportunities for learning 
Mr ( 'arkr':-, :-.tudcrih 
No discussion of worksheet 
questions and only limited 
discussion when requested by 
teacher 
\1mt nllcrac1iom iu grrn1p f;:Jnly 
:-.hort with a few longc1 
sta1cmcnl> 
Tc.icher attended group on 1v.o 
occ.i>rnm .ind cng.igcd lll 
con:-.truct1vc crmccptual 
c..liscu:-,:-,iun 
;' arely used scientific tenns 
L"ndcrstood the meaning of some 
science terms 
Sometimes followed instructions 
and made no attempt to continue 
task without instructions 
U�ually poor discussion when 
given focus questions 
Limited responses to questions 
related to Summary Sheets 
Limited attention during whole 
class discussions 
D Situations that inhibited opportunities for 
learning 
The Focus Group from Mr Avery's class were the most coopcratiYc and 
productive workers, with Ms Brown's Focus Group proYi<ling some oppommities for 
the development ofu'.lderstanding. The group from Mr Carter's class engaged in fe\\. 
behaviours that promoted opportunities for learning. The teachers attendance at the 
groups also varied with Mr Avery engaging in some constructive d i scussion; Ms Brmrn 
rarely contributing to the group discussion; and Mr Carter managing the group 
discussion so that understandings were developed. 
The next chapter compares two teachers' methods of developing undcrs1anJings 
for Proposition 5, electric current travels in one direction through a circuit an<l thcn 
compares Mr Avery's development of Proposition 2, the amount o f  current in any pan 
of a circuit is the same, and Proposition 3, the position o f  jvins in a circuit. 
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CIIAP'H:R 8 
How the Propositions Were Taught: A ('omparison orTearhing Mclhoch 
Ovcr\'icw 
The discussions in Chapters 5 - 7 h:m.: tukt.:11 a broad look at the three teachers' 
methods of teaching throughout the series or lessons. and have demunstralt.:d thl: 
di fferences in their classroom practice. as well as describing the students '  ht.:haviours 
and attitutk:s. Howc\'Cf. the teaching and learning that occurred for individual 
propositions has not been discussed. Students· opportunitics for learning for spcx:ific 
propositions \·aric<l between teachers, and it  was also apparent that. in some cases, 
teachers offered better lcaniing opportunities for some propositions than for others. This 
Chapter examines two leaching situations. The first compares Mr Avery's  and .'vis 
Brown's teaching of Proposition 5, the direction of current now; the second compares 
Mr Avery's teaching of Proposition 2, the amount of current in  any rart of a circuit is 
the same, and Proposition 3, the points at which a circuit must he connected. 
This Chapter describes the teaching that occurred and the understandings of  
these particular proposi tions that were developed by  the c lasses. The discussion 
summarises the differences in \earning opportunities that occurred and generates further 
assertions. Chapter 9 describes the conceptual ch.inges that occurred 111 the three c lasses 
for all the propositions .  
Mr A\'ery"s and J\]s Brown's Teaching of Proposition 5: Ekctric Current Tr.anls 
in One Direction Through a Circuit. 
A variety of learning experiences were available to provide opportunities for 
improving students' conceptions of current now in a circuit. In Lesson I the group work 
involved discussing the direction of current flow and the focus questions for the end or 
lesson discussion also addressed this concept. The drama acti\'ity. which in\'o\vcJ 
students in  role-playing the components in a simple electric c i rcuit and the anunch:r 
demonstration were designed to <lcmonstrntc that the electric current <lid not �et 
consumed in  the globe. Both o f  these could also ha,•c been used to consider direction or 
current now. Although Mr Avery and Ms Brown t.iught the initi.:il lesson frlr similar 
periods or time, Mr A\'cry's lesson was spread over two days. 
l 'J7 
!\lr Avery's Teaching 
l.csson l a  
Mr Avc1y discussed or rcin limx:d thi.'> concq1t in most kssons (Figure 8. 1 ). 
During Les.son 1, alkr the students had constructed the lirst simple circuits using only 
one wire, a battery and a globe, and had completed some recording, he asked the 
students in their groups to discuss the direction of current flow. Two minutes was 
allowed for this although not all groups followed the instructions. Mr A very circulated 
round the class, visited one group and asked for their ideas. There was some discussion 
between the students as  to whether the current flov-: was negative to positive or positive 
to negative with students explaining their reasoning although Mr Avery avoided 
evaluating their discussion. As not all students were discussing the question M r  Avery 
repeated his instrnctions although, as indicated by the Focus Group data, some groups 
still did not engage in the requested discussion. 
When the whole-class discussion started, Sue and Jon from the Focus Group 
were involved i n  a brief discussion to which all the students i n  the group listened, where 
Jon stated that the current flowed from positive to negative. In the ensuing whole-class 
discussion Mr  Avery initially explained how to identify the positive and negative 
tem1inals of a battery and then allowed a variety o f  ideas of current flow to be 
submitted, but did not evaluate these or indicate which answer was con-ect. Bob. from 
the Focus Group, was one of the respondents. When asked the direction o r  current !low 
by Mr  Avery, he stated that it flowed from negative to positi\'c. Jon. within the group, 
responded negatively and raised his hand to offer his idea, which was then suggested by 
a different student. Al l  the students were involved in this d iscussion. with many students 
wanting to respond. The students then constructed and recorded circuits made with two 
wires, a battery and a globe. Later, when the class was deciding whether a selection of 
these circuits drawn on the blackboard by students would work or not. Mr Avery 
suggested that the fact that a c i rcuit with both connections to the top of the ballery 
would not work was proof that one student's idea ofa hi-polar view of  cu1Tent ilow was 
invalid, however he did not elaborate on this. 
The use of galvanometers instead of ammeters in the demonstration in Lesson I a 
would have made it easier to demonstrate the direction of current ilow. t\fr Avery <lid 
use the ammeters in this way a lthough in a limited fashion. He did not call the studt.:'nts 
out to the front of  the c lass to watch the demonstration but circu\�llcd round the groups 
showing all the students the c i rcuit and asked a stuJcnt to help in the demonstration. H e  
\ 'JS 
demonstrated the flow o f  current with the batll:ry correctly altachcJ and thc;n asked thi:.: 
students to predict what \voul<l happen if the battery was rcvcrsc:d. Although initial l y  
there was one dissenting ,·oicc the consensus was that !he circuit would not work. I-le 
then dcmonstratc<l that lht: globe still lit and asked stu1.h:nts to suggest what was 
happening. He n:peatcd the demonstration until a stmk:nt suggested the cum:nt was 
!lowing backwards. which was positlvcly evaluated. The fact that the current flO\vcd 
from negative to positive was not emphasised during the demonstration a l though i t  ,vas 
presented after the demonstration, incidentally, in a long explanation: 
Mr An'I)' Now let 's look al the importance oftlzejlow (f declricity. Thfr is what '.1· 
been happening. We said earlier 011, when we connected it up that, it MIS 
actual(\' Bah who said it, that it jlo;ved from the negative to there and got 
11sed and then we used some of the energy and it came back this way. As 
soon as I flipped it (the battery) over we still had energy going through 
but it ll't!nt in a different direction. As soon as I turned m_v hattery around 
I get the electrons going in a different direction and that 's wha! that 
sholl'ed. (Lesson la) 
This was the first time that Mr A very had stated that current flowed in a circuit from 
negati\'e to positive and there \Vas nn reaction from th� students. 
Whilst the groups were di:cussing and producing answers to the focus questions, 
Mr Avery c irculated round the class ensuring the students were on-task and helping the 
groups where necessary. When the Focus Group discussed the focus questions. Jon 
dominated the discussion of the question referring to the direction of current flow. 
strongly emphasising that current flowed positive to negative. 
After the materials had been packed mvay and the students were turned to face 
Mr Avery, he conducted an end o f  lesson discussion based on the focus questions. 
During this discussion, Jon, from the Focus Group, ,vho felt that current flowed from 
positive to n egative, stated that Mr Avery had agreed that this was correc t  earlier in the 
l esson. In fact Mr Avery had accepted all the sugge�.t ions offered by the students and 
had not positively evaluated any o f  them. However, he had used the negative to positire 
current flow concept in  the explanation described. There was an interchange of\·iews 
between Mr Avery and the students with Mr Avery emphasising very strongly that the 
current flow was from negative to positive: 
Mr Ave,y 
Jon 
Mr Avery 
Let 's go ro the next 011e. Where do you rhi11k the electrical current irns 
I rave!li ng lo am/ from. elect rirn! current 11·as .fl oll'ing to a nc!_(l-0111? .!011. 
It 's rwmillgfrom positil'c to ncgaril·e. 
Positive to negative! Is tlw1 11·/w1 we saicl? No. 
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St11dc111 Mr Ave,:\' Stw/e11t Mr ,.J\·c,:1· 
/Joh Smde11t 
Mr .-fre1y Student Mr Avny 
Swtlcnt Mr A \'CI)' 
It 's comi11�fro,11 thc positil1c * 11cgalil1e. Ncgati1•c, if 's going from the 11egati1·c. No. you told 11s //,at didn ·1 \\'ork before whrn 1ve suggested ii. No, I agreed with \\'/,at /Joh said 
Far 0111. Yes, hcrn11se it /,as to flow that way hecm1se *** other \vtl)' hut it really 
mcmlf to flow 11cgali1•c to positive. Ncgati1·c to positive, that ·s lw,t' it goes. Yo11 told 11s tlwr \\'ttS 11.,-m1g.' No. I tlidn ·, say. 110 wuy did I say Yo11 did.' say that. ( Lesson Ja) 
I t  was noticeable <luring this lesson that the students were interested, not only in the activities but also in the discussion, and the dissension just described held the whole class's interest, particularly that of the Focus Group. Lesson lb The follow-up discusr;ion and writing lesson (Lesson 1 b) allowed Mr Avery to emphasise the concept ofm::gative to positive flow, on the first occasion using the supplied diagram ofa simple circuit (Appendix 3), however he did not complete his explanation: 
lvfr Ave,:v With electricity, i11 orderfor the globe to lig!,t up. this glohe here ( following circuit diagram) to light up, we need to haw the e/ectro11s 
flowing from a halfery, which is the pO\rer so11rcc . .flo11·i11g through the 
wire in, and the casi11g 011 the outside ofrhe g!ohe a/1())\'S the electricity 
or the electrons to he co11d11cted through awl it goes up into this liule 
fl/amenl. (Lesson lb) 
He then discussed other aspects of electric circuits and, shortly afterwards. described a complete cirr.uit, again using the diagram. He then showed a circuit which included ammeters, although it was not fully connected, and asked the students how the cu1Tcnt would !low. The student who responded said that it flowed anti-clockwise as it did i n  that particular situation and. although Mr A very accepted the answer he also demonstrated the direction of current flow with his finger. After some further discussion he again described the direction of current llow and demonstrated it on the diagram. The students then copkd the diagram from the poster and two statements from the blackboard: 
Electricity is the flow of c/cctro11s. A circuit is a circle. 
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Most students included the arrows showing the dirct.:tion of current flow and, whilst lht.: 
students were working on this, Mr J\v1,,Ty circulatt.:d and helped. 
Tht.: rolc-play. which was also part of this lt.:ssun, did not indicate that the flow o( 
current was from ncgativc to pnsitivc but did show that cum.:nl flows in a circuit, and 
Mr  Avery's use and explanation or the term 'electrons' instcad ofck:ctric cum.:nt in 
Lessons I a and I b would have helped thc students n::Jate the electrons in the rolc.:-play to 
the electric circuit. As Mr  Avery talkcJ the students through the activity he guidc.:<l them 
in  a circle through the circuit, again emphasising the circular now of electric cum;nt. 
A l er the students completed the Summary Sheets he asked some students to 
draw their answers on the blackboard. He again showed the students the direction of 
current tlow twice on one diagram. 
The students appeared less on task in this lesson, with some students working on 
their topic title pages during the initial discussion, and a few students not completing 
their written work. However, most students were paying attention during the 
demonstrations and the role-play, and were on-task during the Summary Sheet work. 
The remaining lessons 
Towards the end of Lesson 2 Mr  Avery again demonstrated the direction of 
current tlow on the supplied diagram: 
Mr Ave1J' Ok{!Y what we did today was agai11 co11ti1111e rhar idea ofrhe circuit as H"e 
have over here. The hatte1y from the ll(!gari\"e 11·e IW\'e ir going through 
1he casing through the filament which uses the energr to liglu up the 
g!ohe than back out through the bottom tip of the glohc right through 
back lo the battery. (Lesson 2) 
At the beginning of Lesson 3, when Mr Avery was reviewing the pre\·ious 
week's work, he again used a diagram to demonstrate current now and described it 
fully. During this and all of the following lessons the correct understanding of current 
flow through a circuit was either stated or indicated by tracing circuits on diagrams from 
negative to positive. On one occasion he started tracing the current now incorrectly but 
immediately corrected himself and changed direction. 
Summary of Teaching 
When examining the transcripts it is apparent that Mr Avery frequently 
addressed this concept and the relevant infonnation was constantly referred to. either 
directly or indirectly, and the students had many oppo11unitics to dcYclop scienti lic 
understandings (Figure 8 . 1  ). 
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l.t'��cml R<."l·uid :\l'II\ 1!� lvpe l',n (1L·1p:m1, :\l·f!\11) IJI oh\lllY,lll!l dl"i,111•, 
,, lillltlJl a<.:tl\ 1 1\ SS Constructed and recorded circuits with one wire, a baltery and a 
globe 
l:1 ( iJllUp SS I lu: dlllTllull ul Lurren! 11,m ;,11,J 11ht:ll' it I', !uu11d 111 llil· l l l l lllT 
dl\l'U��ll>ll I { ·ul ul.itnl ,Hid d1-,L w,,ed 1<k,,·, "l lh J'!<111p·, 
la Hl2'11 Fun1, (i 1oup 11.1! i\Ucmµlcd to st:trt discus�ion on direction of current flow ,, \\'hok . .:l.i" I l{rjll';\lnl 111,lllll'IIWl\ IH di\lll',', d11n11n11 of ll l l l l'III llr,1\ 
di�l'll��lllll ] )I\Ul',',ed \lh,JI t:il'l l r ll' lt!!ll'ilt 11,1'. - � -- �--------
l :1 liwup SS 1_
1 he d11t'l"l lH!l <ii lllrll'!ll llm1 a11d \lhl'll' 11 I', 1011/ld ' l till' lllLII I I 
d1,l'U\�IOl1 I ( ·11L"ul:1ted and 1:il].,l'd to 1Jf\e ;•J<,rJp :ihu111 uurn1t !10,1 ,, Ful'US (Jroup Did not discuss current flow ,, \\'twll'-d;h> lJ11n·tior1 ul Li!l t<.:!lt l],,,1 
J 1 .,l'US�ll\ll 
l:1 FGJ l :i-.\:!U Ftll'l!S ( lwup Br1l'I d1,L"u,sion ;±t start ut ,du,k cl.1;<, 1!1sL1J\\l'Jll 11 hl'r·: J,,n 
,t�tl'd cunent tlm1 ,1,1, jH1,1C 11<.: to 11q:at11l' , , \\' lw \c-c bss D1tl'ct1on o! L\lltl'n! 11,m 
la 2-IS-2-l'J d1scu�s1u11 SS . Frn/1/ tfw h,1/1<'!'\ '" 1/w J.!{1Jlw 
la  26:i-267 SS . ,\',·J.!11//1,• ,,, ,,,, ,,u1,· 
la  2()9-270 SS . Fm111 h111h ,·11d, u/ tlw lum,,n to th,· ).!f,,fw 
l a  272-279 SS . /'o'l/ll'I' to 11,'J.!<llllt' 
T :'\'o C\'aluat1on 
1 a 2Sil-2S9 ' SS Identified work mg anJ non-11 orJ.,mg c1rcu11<, dra1111 on 
blackboard 
la  301  T Csed finger to trace t1011 uf current round a c1rrn11 , ,  Group activity SS Constructed simple circuils with two wires, a battery and a globe , ,  SS Drew working and non-working circuits on blackboard 
h. -19-1-5 3 1  Whole-class SS Identified working and non-working circuits drawn on 
discussion blackboard 
l a  -19-1-531 SS Corrected blackhoard diagrams hy d1;ingmg J)<J',1t1on o1 _1um, 
T . Suggest,·,/ 1h11t a n1-u111 th<1I ,Ji,/ 11"1 \\ ,,,A 11 ,1, .-, 1d,·11, ,. 1/i<11 ,1 
/,1-pu/<1r 11,·11 ,,(1 r1rrri11 flu\\ \\11/1/d 1/IJ/ ""rl. 
l a  53S-621 Ammeter T 01�.cusscJ current 11011 111thm the urrn1t 
la 55-1&5i2 dcmonstr::rtion T The current m horh s1JL·� of the cucu1t h !he· ,.JIJlL' 1 ,t.ilL·d 111 l\.'l') 
la  557-603 T !{cursed h;ittcr} m ;immetn c1rnm. ,hu,1e·d di.ing<' m 
alignmL'nt of needle ;inJ a�J.,L·d 11 h.it h.Jcl h,!l'i1,·m·d 
la  60-1, W7, SS . ( 01/1'/'I'//{ /,I _//!Ill II!!? /hl' \\ /"1Jl/l' ,I,/) 
6 1 2, & 61- 1  I la 605 SS . Tlw Jim\' ha., .,tof'l'''d 
la 610, 6 1 1 . &  SS . 71u• nirre11/ 1.1 _/In" /Ilg h,1, � \\ ,11,!, 
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l a  6 1 6  SS . It ·.1'jlrm'lllg II d1!f,·r,·111 .. ,11 
la 621 T . It u·,u/fo1rn1g h,11-� H ,ml., 
la  625 T . C111n 'II/ j/o w, Ji·,m1 m·gaJ I I t • /f, f",, I/ 1 \ , · . Wh,•11 the ba11,,11· 1, n•1rr.,,·d 1/i,, .-1,·<"tr,,,n ,u·c .i.:0111g 111 ,1 
1ilfji·rc111 d11"cctto11 
la  626 T . Thc.f/011· o( rnrr,•111 1., rhc 1/,.,11· n(d,·,'11'011., , , Activity SS Studcn1s m groups worked 1ugcthcr un qu<'stu1n shei:1, 
T Discussed cuncn1 tluw 111th nn<' student 
l a  FG570-582, Focus Group Jon dominated direction of flow discussion staling it flowed 
605-619 from posi1ive to negative 
l a  7 1 7  Whole-class Discuss!'d queslmn shccls - d1r!'ctmn ur cun<'nl tll111 
1 .t  7 1 8  discussion s . l'u.111i1·,, 10 11t-g,u11·,· 
l a 719-731 T . N,•gutin· lo prm111·,· · cl,L'i� dlSSl'llSIO!l 
l a  722 & 72S T . C11rrc111 _!lmrs nc,i,:,111\'t · tu !'"' 1111·,' Uepcatcd l 
l a  7J2-7J5 . ( '11rrc11t_/loll's 11,•g,1111·c In f'r>S//11·c a., .,hm, 11 /,1· tit,· ,11111114·1,·1 
dcmri11s/r,111,m 
la 749 T . l:'J.•ctr1C· ,·111n•111,/!mn 111 ,1 .-,,.,-1 .. 
T Followed c1rcu11 on hlarl,,htiard d1.1gra111 
l b  9 Whole-class T . E/c•r-trinlr 1., th,• /!nw •(I d,•ctm111 
lb 22 fl'VICIV T Followed and J!'scnlwd currl·nt tluw 011 urcmt d1a.i,:1,nn (mll 
cnmpll'lcd) 
l b  J2 T Followed and (kscnhcd cunl'llt llm1 011 c1rcmt d1ag1am .,t;um.i,: 
the Ihm was from ncgatin· chrou}!h the L'ltl'Ull 
202 
l.t·sson/ lfrnlfll Ac11vuy 1ype l'ar111:1pant, AL"11�11Y uf d1,u1v,11,n det,uh 
lb JS 1 ! hed a11u!lctcr nn:u11 (nul wurk111):J ID a'>k wl!ldl wa:,- fluw 
IIUUld hL' 
lh  4 1 -·D s . .IIJ/1-,·/,,,·A"1"' (nL"gat11·e l<l IH>'>lt1vi:J 
T l'u�111vdy ev;.du:,1i:d ;,nd lull1>11cd .imJ ,1<:-,t:r1bi:d Lurrc11t flu•.<.· 1,u 
ammeter t:11rn11 
lb  h l  T Fulluwcd current 11011· on 1:1r1:uJ1 d1agra111 ,tal111;, the !lo•.•, \',a'. 
fro111 nq;;i111·c through lhe l:l!L'Ult 
l b  Grnup wurl\ SS Cup11:d ,1a1cm1:nl.'> from hbd:ho;ird and drew '>lrnplc LlrLUII ·,•. r tl, 
dnccllonal arru11<, un 11 
lb  Forns liruup Cumplc1ed ac.:11v 11y 111th 11<1 1:un1:cplual d1,c.:u,oum 
l b  'J.l- ! 4 1  Rok-play T !n,truc!llm\ d11c1:tcd stwknt, to movc 1n a Lirdc 111d1Lc1!111r• 
electrons flowed ruur,J .i c1rcu11 111 one dircumn 
l b  Group 11 Drk SS Summary sheet disnission, no current flow concepts 
l b  222 Summary sheet s Drew possible ansliler on blackboard 
l b  2J l T Followed 1110 current flow po,�1b1lilic� on '>tudcnt diagram 
2 Ac11vi1y SS Simple circuit, testing conductors 
2 921 Whole-class T Followed current flow rin 1:1rcu1t r.hagr.im �tatmg the flow v,a, 
d1scuss1on from ncga111·e through the c1rcu11 
3 1 6  Whole-class T Folloll'ed and described current /loll' un d1;;gr.im 
review 
J Actinty SS Batteries in series 
3 524 & 52(1 Whole-class T Followed ;rnd de�ntbed circuit flow througn 111 o ,enc\ 1:1r1:u11 
discussion d1.igr.ims on bhickboard 
3 S ! 1 Whole-class T Followed .ind descnbcd c1rcu11 11011 on torch po�tcr 
discussion 
314 Activity SS Globes in series and parallel 
J/4 453 Whole-class T Follo11ed and descnbcd circuit flow on blad: board diagram 
discussion 
3/4 653 Whole-class T Electrons flow from the ncgarn c 
3/4 684 discussion T Followed circuit flow on b!.ickboard diagram 
3/4 685-692 T Used bridge analogy, folkmcd rncu11 !1011 Dn hlackboard 
d1agrnms of series and par .11 lcl c1rcu11� 
3/4 706 T Followed and dcscnbed c1rcul! 11011 on s1udcnt's blackboard 
drngrnm pamally using bndg<" analo.�: 
3/4b 50 Whole-class T Followed c1rcu1t flow on poster 
review 
4 Activity SS Batteries in parallel 
4 585 Whole-class T Followed c1rcu11 f1ow on diagram on bl:.11:\...buard 
di;cussion 
Note: • Indicates explanation generated or offered 
Participants: T - Mr Avery, S - Individual student, SS - Several students. 
T /SS - Mr A very and one or more students 
D Concept discussed or D Concept implied D Concept not discussed demonstrated or incorrect statements 
Figure 8. 1 .  Summary of activities and interactions which provided opportunities for 
developing understanding of Proposition 5. 
Changes in Students' Understandings 
On the pretest, no student demonstrated an acceptable understanding of current now m a  
circuit, ie. a circuit view with current flow from negative to positi\'c. In  the posttest 1 3  
students, 52% of the class, demonstrated an acceptable understanding. with a further 
203 
SC\'Cll sdccting a positive to negative flow of current indicating that, in Iota], 80%, o f' the students had adopted a circuit view of curre1it flow (Tahlt.: 8. 1 ). 
Table 8 . 1  Type and Number nf Student Responses to ()uestion 1) from Mr Avery's Class 011 the Pre an<l Posth.:sts (n -- 25) 
Type nf 1esponse l'retl'�l l'ostle�t Cllrrect () 1 3  Posnive to ncgalJ\'l" !low 7 7 Bi•polar 1 3  2 Uni·polar Invalid answer () �o response 4 
The 13  students with correct answers in the posttest all demonstrated some understanding in  their ex1llanations although they varied in quality: 
JAf}j 
IF/9 
Because the currellf isjlo1\'ing in <I circuit from 11egath'c 10 posit ire. Because 11egati\'e goes to posiri\·e. 
Of the seven students with a positive to negative \'icw. three Ji<l not offer explanations, one gave an explanation which included the idea of a circuit and the remaining students' explanations were limited: 
1 pj The current goes from positi1·c to ncgatil'c. 1 F26 It goes out the positi1·c awl in the negative. 
Two students, who made no response on the pretest, demonstrated a bi-polar view and one maintained her uni-polar view. Pat, from the Focus Group. showed a negative to positive flow on her diagram but her explanation stated the opposite: 
Pat Because it is Jlo11 ·i11g in a circuit from posil i\'L' to m:gal in•. ( Posncsl) 
Pat may have been considering current flow through the battery and not the whole circuit as, when asked in the inter\'iew. she in<licatcd the !low of  the current through the battery and not through the circuit. Jon changt:d to the correct understanding hL'lwccn thc pre and posttcst, indicating that the nature of the discussion had made an impression on him. He changed few of his understandings between the two tests. 
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l\ts Brown's Tl•aching 
I .l'SSOII I 
:\!though lhis proposition was nwntioncd in most lessons it was only rarely 
dearly dctincd (Figure 8J). After the students had cornplcll:d the initial activity in 
Lesson I ,  1.:onstructing and recording cin.:uits built using one wire, a globe and a battery 
and identifying working circuits. Ms Brown suggested the groups discuss the direction 
of cum:nt flow: 
Ms Brown Perhaps it ll'0/1/d he a good it/ea 110w to see if you can work mll how the 
electric rnrre111 ll'orketl from your ha11e1y and how the electric current 
\\'orkctl through rhe circ11il, and see ifyo11 can work ol/l which direction 
you think rhe electric currenr might have heen moving in. (Lesson I }  
Most o f  the groups had some discussion although i n  many groups there were 
still students using the equipment. Ms Brown circulated and asked three groups to put 
arrows on the diagrams showing the direction of current flow. She visited two groups to 
discuss this concept, with student responses initially indicating a bi-polar view of 
current flow. An attempt to redirect the students' ideas in the first group did not appear 
to be successful: 
Ms Brown 
Student 
Ms Brown 
Student 
Student 
Ms Brown 
Student 
Ms Brown 
Student 
Student 
Which way do you think the electric current was mo1•i11g."J 
Um, they all head/or to join together and light up. 
A/right. So where does the current move from. fr 11101·es from the hase 
around there. through the globe and what happens to it once ii gets to 
the globe? 
It glows. 
It joins togelher. 
All right then. ls Iha, is that where the electric current stops is it? 
Uh, Yeah 
Okay, well if !he electric current stopped at the glohe ll'ou/d you have to 
have the globe sitting on top oflhe hatleryfor it to work. Try that. 
It doesn 't work. 
Because, um, they they 're attracted to each other. Different energy it 
must be and they hem/for each other through * (Lesson I ,  group interaction) 
A student in this group then made a statement indicating that she felt that the current 
flowed in a circle with Ms Brown making a neutral response and then leaving the group: 
Ms Brown You think it goes round through All right then. clra\\' an arroll' 011 your 
diagram to show what you are doing. (Lesson I .  group intl'ractinn) 
The second group that Ms Brown talked to also had a bi-polar view and again one 
student possibly had a correct understanding but the discussion was ended by Ms  Brown 
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wht:n she started the whok·-class discussion a!il:r just ovcr tlm..:1.: 11rnn1tcs of group 
discussion. The discussion in thL' Focus (houp was im:onclus1n: (p. 1 7.1). ·1 hc group kit th;1\ the current tr;m.:llcd from positive to lH.:gatin.: although Katy rcctigmscd thc1r lack of knowkdgc whi.:n she said . .. \\'c only think it goes out the posl\in: and 1n the rn.:gat Jvc". Ryan suggested that the current went clockw1st: hut �cil '.<; rcsponsc aml dt:nHin.'-itrat1011 wilh a circuit showed that he had n:aliscd that thl.! way the c in:uil w;.i;, ohscrved would change the direction or tlow from dockw1sc to anti-clockw1sl:. As the only circuits that had been completed were thosc using only one piece of wire, the current !low was through the globe directly to the posJtin: terminal of the battery. In the wholc�class discussion \1s Brown yuestiom.:J '.\eil, one of the Focus Group students who ha<l some knowledge of electric circuits. with no recognition that other students may ha\'e different \'iews of current now: 
/I.ls Brmrn 
Neil !vis Brown Neil Ms Brown Neil Ms Brown Neil !vis Brown 
Neil Afs Brau'// Neil Ais Brown Neil Ms Brown Neil Ais Brou·11 
Neil Ms Brown 
Okay. A lot ofyo11 hm·c 111,11wgcd to draH· some arrr)\\s 011 yo11r dwgram hut when yo11 gor 10 rhe glohc u1w£ happened to the current/ It mmle. what did it do:J Wlza1 happened to 1he currc/11 then:) Xc1i:1 It got less. It got er. some people arc 1alki11g I can ·r hear you. It got less. That S a  mm1i11g (To student talking) It got weaker. Pardon'! It got 1\'eaker. The c11rrent hecame 11·cakcr. Whw happened w rhc rest o(rhe c111Te11t then that H'as left? ft kept OIi 1110\'illg. Moi·ing u·here:1 In a sort of circle. In a circ11it through what? Thro11gh the 11·ire. I can 't hear 1·011. !tjmt kept going through the \\'ire. So you said the currrnt kept going thro11gh the ll'irc. But you explained dwt rhc current rnmcfrom the H'irc into !he g!ohc. Where did it go once it reached the glohc:) Through the hattcry. Through thl' hattcry. Okay. :Ill right then. ( Ll'ssnn \ )  Neil, initially, <lid not say whcrc the current was coming from and, from the ensuing conversation. it appears that rvts Brown assumed that he was referring to the current coming from the wire. However. when the Focus Group discussion is analysed (p. 1 73), it was apparent th.tt Neil, although hc was awan.· that current moves in ;1 circle, had a 
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positive to negative view of curn:111 ::ow, :1nd would have .issumed lhal the current was 
coming from the top of till! halh:ry. When Ms Brown staled that the current was coming 
from the wire into the globe, Neil changed his vic.:w and said that the current travelled 
through thl.' baltery alicr travelling through the globe indicating a negative lo positive 
,·icw of curn.:nl llow. Although this segment docs indicate a negative to positi vc view of 
current !low, because of the many questions it is difficult to follow and was not 
summarised at the end by the teacher, which might have made it clc.:arer to the listeners. 
However, as indicated by Ms Brown' s  control comments, the students in the class were 
generally inattentive with some using the equipment and others talking. 
The students then constructed circuits with two ,vircs, one battery and one globe 
and, during this time, Ms Brown circulated round the groups asking them to label the 
positive and negative tcm1inals of the batteries, stopping the whole class to explain how 
to  identify them. She did not evaluate any of the directional arrows that students had put 
on their diagrams and the work was not marked later. Only six students actually added 
their arrows correctly, 1 0  added them incorrectly and the remainder did not use arrows. 
In the Focus group, Katy and Ryan both drew their arrows from positive to negative and 
Neil and Tina from negative to positive. 
One student constructed and then drew on the blackboard a non-working circuit 
where the battery was connected with a wire from the negative to the positive tenninals 
and a second wire leading from the positive tenninal to the globe which was not 
connected to the battery in any other way. The ensuing discussion was unclear and a 
s ummary at the end would have made it easier to understand: 
Ms Brown 
Paul 
Ms Brown 
Lucy 
Ms Brown 
Eric 
Ms Brown 
Eric 
Why didn 't it work? Does anybody have any idea ll'hy it didn 't \\'ork? 
Patti. 
Because the battery needs to be hooked up to the positive and negari\·e. 
um, in that diagram it 's only hooked up the positire. 
Now, have you explained it pro properly? You 've said the battery needs 
to he hooked up to the positi1•e and negative. Well, we ·vc got a wire. 
Bw where it 's touching the positive it 's got plastic 011 it. So eleclricitr 
·won 't go through 
Does does that explai11/11lly? Who cm1 give a add to the e.\planation thcll 
w11 Lucy and er Paul have given? Why that 011e did11 't work? Think of it 
in terms ofa circuit. Yes, Eric. 
The circuit we11tfro111 er negative to positive and stopped there. It we111 
straight inlo the haae,:v instead of can:vi11g on 
Right, so you 're saying lhe circuit we11t round here and i11to the ha11c1:1· 
and (Following wire from negative to positive) 
Didn 't go round. 
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A/s /lrmrn I Jit/11 'r go rowu/. So ymt fl'd 1/w f"i r('//i/ is ,h:fi 11ilely ).!Oillg _/i"(JIII 11Cg(I/ iw! 
to f'OSi/i\'(' and lhrnu).!h 1hc h11/lc1y a11d this part dit/11 'r ,·01111,·cl up. 
(Referring to the wire with the g\olx:) All right. okay. ( l .e..,�ou I J  
During the ammeter dcmonslration, designed to Jemonstratc that current floweJ 
in a circuit ;,md did 1wt get usct.l up in the globe, the students remained in their sectts and 
it would bi: unlikdy that they could either read the am1m:ters or sec the way in which 
tht battery was connected into the circuit. I lowcvcr, the students wcrL' generally 
attentive. In her explanation. Ms  Brown did not discuss the direction of current flow and 
did not clearly explain that the current was flowing in a circle, with the emphasis being 
on the equal amount of current in the wires each side of the globe: 
A/s Brown 
Students 
Ms Brown 
Swdent 
Ms Brown 
Ms Brown 
Students 
Okay, what \Ve are looking at here. We have 200 amps of electricity 
coming through here and it goes through the globe and we have the same 
measure of efoctricity coming out of the glohe as it goes through the 
circuit. (Indicating on ammeters) So, hy doing this. what do you think 
we've discovered? That hy the globe turning the light 011, what have you 
noticed? Does it change the amount of electricity passing through .'I 
J11decipherable 111um1urs 
Does it use up electricity as it passes through? 
Some saying yes. some no 
Who thinks it does? 
Seven students raise their hands, others looking round 
Well have a look lfit 's got 200 just over 200 here and it 's come olll the 
other side and it 's still registered as just m·er 200 Does it use up rhe 
electricity as it goes through? 
No. (Lesson I)  
The pretest indicated that 14  students had a bi-polar view of circuit flow and 
some may have focussed on the ammeter readings and used this to support their theory. 
The student responses in this discussion were indecisive, but it i s  impossible to tel! 
whether the indecisiveness related to the concept of electric current travelling in a circle 
or that of equal current flow through two wires. 
The role-play activity demonstrated that electric current flows in a circle, 
although the d irection of flow was not indicated. Ms Brown stated that electrons and 
electricity were the same when she was organising the students to take part: 
Ms Brown Okay we 're going to use some students who are going to hi.! the cli.!cfro11s 
and this is the electricity. (Lessm1 I) 
Her explanation of the activity also indicated a circuit flow: 
Ms Brown Okay, now what we're going to do is illustrate what happens with the 
electrons. As the electrons move through the hatteJJ' they gather energy 
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and you 're ( student playing the battery) going to gil11' ('llch /h'rso11 11 
p11rcel (?/energy as t!tcy JJ//SS. Right. am/ they an· goi11g to nl/'I�\' that. 
The a111111t'ft'r, Hill, 11/1 you lun·c to do is <'(J/11/f how 111a11_1 · 1wo1if,, 1u1ss. 
okm<' /krnu.H' rou arC' cou11ti111!, tht' 11u111/)('r o(l'l<'dmns 11·/11d1 1mss. /Jut . . . . 
\\'hen you get to F:ric. the dcctro11.\· arc going to pass so1111' of !Ill' 1'11erg\' 
lo Eric so that he has the c,•1crg1·. (l/1(: 11·u.\· rl'fll(r ,, g/o/)(' hC' would light 
up. Okay:) And the electnms then mm•c in the cirrnit past 1'011_1' wit() is . 
Past Tony who is also an ammeter wul he 's going lo ('011111 the 11 11111her of' 
electrons \\'Ito pass !tim. (Lc�son lJ 
Once again the studcnb were attentive during this part of'thc lesson. 
At the end of the lesson, four students drew working circuits on the blackboard. 
Ms  Brown asked the lirst two to add arrows showing the direction of current flow. She 
helped the first student by explaining ,vhcrc the arrows needed to go, but the second 
student added them correctly. The third student did not put arrows on his diagram but 
Ms  Brown demonstrated the direction of current flow using his diagram. During this 
session Ms  Brown was constantly asking the students to pay attention and, in a period of 
.Our minutes, asked for attention l J times. 
During this lesson the students spent three periods of time totalling nearly I 0 
minutes waiting for selected students to draw circuits on the blackboard and often 
became off-task. The students' attention during the whole-class discussions was 
generally poor and, during the short segments of transcript recorded here, Ms Brown 
needed to gain attention four times, although in each case the i nterruption was fairly 
short. However, they did tend to fragment the explanations. 
Lesson 2 
During the review at the start of Lesson 2, one student described the role-play 
activity, indicating in his answer the idea of circuit flow: 
Paul Electrons, that 's it, and they pass w11 through the circuit and eve1:r time 
they pass through the hattery they gain more energy, which they use to 
light the globe, um, and thrn sooner or later the harre1:v ru11s ow. 
(Lesson 2) 
Ms  Brown then asked another student to repeat this and needed to question her to elicit 
each part of the information. There was no further teacher explanation of the concept 
and the direction of  flow was not discussed. 
After the students had constructed the circuits which included two wires joined 
by alligator clips, there was some discussion indicating that current nowcd in a circle: 
Ms Brown 
Student 
Take one of the alligator clips away. 
It doesn 't work. 
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A/s Hrm1·11 
Emma 
A/s /lro11·11 
Stutlcllls 
Ms Hrmrn 
Jo1111 
Ms Hrmrn 
R(�ht. IV!ty dol's11 't it work? Hmma. 
llcca11.H' it ·.\' 110( c·o1111cctctl ill t1 circll'. 
.·Ill right the11. So m1,·c you tli.\·t·o11111·,·t tlw two alligator d1j1s, is thl'l'f' ml 
dc('fric circuit 111 all or i.\' thl'n' u11 elt'l'lrif' t·11rr,·11t Jlo11'i111?,? 
No. 
Is there any i'/cctnc ,wn·11tjlo11·111g:} IVhot mukl's the dec1ric ,·11rrr·11t 
jlO\,,:J rou ha\'t' to tlo 111u1(J lf'lwt makes the c11rrc11tflm1<J Ye.\, .loan. 
ll'c/1. you htl\'(' to co1111l'Ct lhl'III so th11t ii ·.\' goil/1!, round i11 a r'irrk 
Right rou hm·c to Jw,·(' that circuil. ( l .i.:wm 2J 
Once again the class demonstrated their lack of altcntion with Ms Brown calling for 
whole-class attention twice and talking to a group of boys once during this segment. 
Lesson 3 
In Lesson 3 the s tudents constructed series circuits. Once again the class spent u 
considerable amount of time watching students drawing circuits on the blackboard and 
became very inattentive. During this time Ms Brown described the c i rcuits as joined 
negative to positive and in discussion talked about current flow; 
.Ms Brown 
Swdent 
Ms Brown 
Okay. So you need to have that flow of current hecause hmr does the 
current flow? (ref'erring to flow from battery tcnninals) Ho11· does it go:) 
Sarah. 
Negative to positive. 
From 11egative to po.si1fre mu/ it has to flow through. Okay. ( Lesson 3)  
Figure 8.2. Circuit which did not make the globe brighter. 
Later in the lesson when students were drawing c i rcuits with three batteries on the 
blackboard, one student drew a circuit which did not make the light brighter because 
only one wire completed the circuit to the globe. Ms Brown. aner questioning the d.1ss. 
explained why, pointing to the salient points on the diagram but not actually following 
the circuits (Figure 8.2): 
Ms Brown This is the 011/y hath!I)' that ·s really got a complete circuit. The other 
011e.s arc stopping here al this side. S'o the circuit is just r111111i11� through 
the hallery it 's 1101 goi11g through the light. Can you see that.') Allfl the 
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some is lwppc11i11g here. 1111' l'ircuil is ,·rm1i11gjim11 1wguliw• going rig/it 
tlmmgh, jusr thmugh the h11f/L'1:v hut ii 's 1101 a,·11111/(1· goi11g t/1ro11gh f/,(' 
lighl. So that '.\. 11 1,y that 's nor \\'orking as 1vf'II. ( l .c\�011 :11 Durini,: the work with hath.:rics in series i n  Lesson 1, Ms Brown frt.:4uenlly repeated the fact that batteries nccdcd to he joim.:d negative to po:;itive without mentioning the direction of current llow, although on one occasion she rcfcrrc<l to the connection as bdng positin: to ncgativr.:. The Focus Group discussion somctinH.:s referred to the battery joins as being negative to positive and sometimes positiw to negative. There was no mention of direction of current now in Lessons 4a or 4b in either the whole-class discussion or the Focus Group discussion. 
Sllmmary of teaching An analysis of the transcripts i ndicates that the discussion of current Oow was often incidental and unclear, with the frequent interruptions because of inattentive students making the discussions difficult to follow. Many of Ms Brown's explanations were unclear or based on fragmented answers from students which were not then summarised by the teacher, and the concept was rarely clearly addressed during reviews (Figure 8.3). The poster with the simple circuit d iagram with the direction of current flow marked on it was not referred to in any of the lessons. 
Lesson/ Record Activity 1ype Part1c1pants Act1\·11y ur t.lhcu.,s11,r1 de1a1b 
I Group activity SS Constructed simple circuits with one wire, a battery and a globe 
I 21 3-220 \\'hole-class \V Identified working and non-working circuits dravm on 
discussion blackboard 
I Group The direction of currcn1 nm1 and " hnc 1( 1, found m a c1rcu11 
discussion T JnrnlvcJ 111 two groups t.l1scu,,1ori:; 
1 FG202-253 Focus Group All Inconclusive discussion wilh consensus suggesting !hat current 
flow was posiiive to negative 
1 294-297 Whole-class Nell . C11rrc11t mm·nl 111 <1 nrd<" 
1 29S-3fll discussion Neil . C111"1",'11/ kepi go111g thr,mg/1 1h,· ll'II'<' 
1 302-Jll-4 Neil . Ci11n•111 11 <'111 through th,• h1111<•11· a/1<"1" 11 rcad1<·.J 1hc .dol'c 
I 305 T . 771e currc/11 a·,•111 1hro11gh 1hc /,a11t·1T 
Group activity SS Constructed simple circuits with two wires a battety and a globe 
I Whole-class Discussed non-working circuit. 
discussion T!SS . Circuil did 1w1 co1111cct lo globe (1101 clearly stated) 
1 fi2 l-6-40 Ammc1er T Demonstrated ammeter at the front of the chiss with studen!s m 
demonstration their seats. Statement may have indicated current flowed in a 
circuit. 
I 646-685 Role-play T lnstrnct1011s d1rceted student to mme m a  em:lc• 111d1c1t111g 
clcc1rons flowed round a c11·cu1! 111 one d1rl'et1011 
Group activity SS Constructed simple circuits with one wire, a battery imd a globe 
I Whole-class SS Student drl'w wrnkmg nrcuit on hlaek\io;Hd 
d1scussi11n TISS Ms Brown asked student 111 show d1reet1nn of tl,111·. shll\ll'd 1\ llll 
1hc diagram :md ,ksenhed. S!mlL'l11 d1c1\ 1n .111011 s 
I 823 T . C11n·,·11t/lu\\'.1· thmugh 1h,· /,,111,.,-1· 
I s Drew blackhu�rd diagram ;md ad,kd d1r,·ct11mal amms 
I s Drew hlackbn�rd diagram 
I T Followed and descrihcd Cut l'l'll! flow 111 c1rctJ1l nn h\a(kl1u;1rd 
diagram \\·11h her finger 
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Ll'ssonl Rcco1d 1\ct1\·1ty lypc l';u t1c1pa111� Ai:uvlly or dJ,cu','>HHl di:1a1h 
' Whule-i:lass s Electrons continually pass through the circuit und pick up 
ll' \'ICW energy (implied idea of circuit now) ' llrnup act1v11y SS Constructed a simple circuit to test conductors using a globe 
holder and two wires in one side of the circuit ' 19:>-:!0U Wholc-cbss T/SS . Components 111:ed to be co1111ected in a cirrnit to 111aAe the 
discuss10n current flow 
J \Vholc-clussl T Gave step by step instruc1ions to construct a simple circuit 
group activity 
J Group activity SS Connected two batteries in series 
ReCordcd working and non-Working circuits 
J FG:!85-:!SfJ Focus Group Katy, Ryan & Series circuits need to have !he batteries connected negative to 
Tina positive 
J :!04(310) Whole-cluss T Instructed students to label positive and negative on the baltcry 
3 discussion s Three students drew working circuits on blackboard 
J 3 1 0  T . Described batteries as being joined negative to posilfre with a 
wire between 
J 3 !4  T . Negative to positil•e circuits work 
3 3!5-319 TIS . lfballerics are)oi11ed 11egu1ive to 11egutive it doesn 't work 
J 3:!0-32:! TIS . lf bafleries are joi11ed positive to positive ii doesn '/ work 
3 323-325 TIS . Current has to flow 11cguli1·c to positive (referring lo ballerics 
in series circuits) 
3 Group activity SS Connected three batteries·in series 
J FG336-376 Focus Group Katy, Ryan & Series circuits need to have the batteries connected negative to 
Tina positive 
Series circuits need to have the batteries connected positive to 
negative . 
3 Whole-class SS Two stud
_
ents drew working circuits on the blackboard 
3 discu,;;sion s Drew complex circuit using three batteries on the blackboard 
which only had a dim light 
J 436-439 T Why didn't the globe £0 brighter'' 
3 440 s There were too m:rny wires 
3 443 s Would it help if the bottom battery \1as turned around'' 
J 444-446 TIS . The lvp ballcry Is pmi·idlll� the cirn//1 
3 447 T . Only Olk' ballet")' has a complete c11n1// 
3 447 T . The other circuits 011/y allow Ilic currc11t to trard through the 
balleries not the liglil 
3 SS Two students drew working circuits on the blKkboard 
3 464 T . Ballaics needed lo nm i11 onkr posith·c to 11cg,11i1·c . That is called a series circwr 
Group activity SS Cons_tructed simple circuits using a 1.3V globe and one battery 
then' ii.ddcd CXtra globes 
Note: • Indicates explanation generated or offered 
Participants: T - Ms Brown, S - Individual student, SS - Several students, T/SS - Ms 
Brown and one or more students 
D Concept discussed or demonstrated D Concept implied [] Concept not discussed or incorrect statements 
Figure 8.3. Summary of activities and interactions which provided opportunities for 
developing understanding of Proposition 5. 
Changes in students' understandings 
On the pretest one student demonstrated an acceptable understanding, but on the 
posttcst, gave an explanation that did not agree with his diagram. In the posttest seven 
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students (22%), demonstrated an acccptahk understanding, with a further 1 5  selecting a 
positive to negative flow o r<.:urrent indicating that, in tolal, 61J'Y,, o f  the students had 
adopted a cin:uil view of current llow (Table 8.2). Tlm:l: oflhc students who gavt.: lhe 
co1Tect resp1.rnscs on the pnsttcst demonstrated a much improved il:vcl of understanding: 
Pretest 
2 F40 
Postte.,·t 
2F40 
Table 8.2 
TIie haUCt)' is /he ch(lrger the sou,.ce ofeledricity lit the light hu/h ii is 
llfmed illlo /ighr 
The g/ohejusf shows that electricity is passing through in a c_:vde picking 
up energy as it goes rhrough rhe hatrety and giving ir ojfar !he glohe 
Type and Number of Student Responses to Question 9 from Ms Brown's Class in  Pre 
and Posttests (n � 32) 
Type of response 
Correct 
Positive to negative flow 
Bi-polar 
Uni-polar 
Invalid answer 
No response 
Number of responses 
Pretest 
1 2  
1 5  
0 
0 
4 
Posttcst 
7 
1 5  
6 
0 
4 
0 
Katy from the Focus Group indicated a negative to positive now in the posttest, 
however her explanation was unusual: 
Katy The power starts at the g/ohe and it passes through posit/\'c am! the 
e11ergy comes out negative towards the glohe. 
In the interview she made a similar statement and, when questioned, indicated that the 
circuit started in the wire leading from the globe to the positive tenninal of the battery. 
Of the 1 6  students with a positive to negative view, one offered no explanation 
Four students included the idea of a circuit in their responses: 
2M35 It will go like that hccause it comes out oft!,c positi\•c am/ rrnvels ro1111d 
the circuit and goes i11 the negative. 
Ryan, from the Focus Group, was one of these students and he considered in the 
pretest, posttest and interview that current travc\1cd from positive to negative in a 
clockwise direction. The discussion previously described when Neil demonstrated that it 
213 
could not always he clockwise seemed to make lilllc impression. Ryan's view was queriL'd in  the interview with :1 circuit drawn with the glohi.; on till: opposite si<k and hi.; was asked if i 1  still travdlcd in a clockwise direction. lie conceded that the direction depended on when:: the globe was hut still Jl!lt it travelled from positive to negativt.:. Tht.: n:maining 1 1  stu<lcnts who chose positive to negative curn:nt Jlow gave low level cxplanatio11s: 
]M3/ 
2F51 
Positi\·e goes to the glohe wu/ 11egative to the hallerv 
. . The c11ergy COJ/ll'S from the positive end 
Four students retained their bi-polar view, and two changed from a positive to negative flow to bi-polar. Four students' responses were recorded as invalid, with one of these choosing a negative to positive flow but explaining that the current flowed positive to negative and three giving explanations which were not able to be interpreted. 
Comparison of Changes Between Classes 
On the pretest, 28% of Mr Avery's students had a circuit view of current flow with no students having a negative to positive view, and in Ms Brown's class, 4 1 %  of students had a circuit view of current flow with one student (3%) holding the correct negative to positive view. After the series of lessons, the number of students with a circuit view of current flow in Mr Avery's class (80%) had increased by 52%, and in Ms Brown's class (69%) had increased by 28%. Mr Avery's class also had a higher percentage of students who had learned the correct direction of current flow than Ms Brown's class (Table 8.3). 
Table 8.3 Changes in Students' Understanding of Circuit Flow from Pre to Posttest 
Mr Avery's class Ms Brown's class 
Circuit flow view Pretest Posttcst Change Pretest Posttcst Change 
Negativc>positive 0 13(52'%) 13(52%1) l(J<X,) 7(22%) 6(19%) 
Positive>negative 7(28%) 7(28'%) 0 12(38%) 15 (47%) 3(9%) 
Total 7(28%,) 20(80%,) 1 3(52%) 13(4\'X,) 22(69%,) 9(28%,) 
The students i n  Mr Avery's class also demonstrated more understanding of the concepts in their posttcst explanations than those from Ms Brown's class, with the mean score for Mr Avery's students being 1 .44 out of a possible score of four and that for Ms Brown's students being 0.47. 
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l>isl'ussion 
l\.fany of the hchaviours and strategies used by the tv,m teachcrs have ht.:en 
discussed in pn:vious chapters and the dt.:scriptions in this chapter havt: emphasised th1.: 
di fferences in teaching that ocnirrcJ. During the whole-class discussions the.; 
opportunities for learning offorcJ hy thc two teachers were very di ffen.:nt. Mr J\ very 's 
discussions moved quickly, llmn:J smoothly, were animated and included a variety of 
demonstrations and strategics, which rcsultcJ in students who were involved and 
attentive and \\'ho actively participated in the discussions and activities. Mr Avery's 
discussions covered more than was prescribed by the lesson outlines and his knowledge 
of the topic allowed him to restate the concept in a variety of ways and to respond to 
students' questions (Sanders et al. 1 993; Wilson et al., 1 987). Mr Avery constantly 
emphasised the circuit flow of current, often verbalising it, and drew overt attention 10 
the direction of cut rent flow 1 6  times during the course of the lessons. 
Ms Brown tended to maintain a strong control over the discussion. Limiting the 
questioning and discussion is sometimes a result of lack of  knowledge of the topic 
(Carlson, 1 992; Sanders et al., 1 993), and, although Ms Brown professed adequate 
knowledge, it did appear from incidental discussions that it was limited. Ms Brown's 
discussions were slow moving with little evidence of active participation by the students 
and they generally appeared unmotivated. Her range of demonstrations was restricted 
and the students were only involved in a very limited manner. Ms Brown put less 
emphasis on the circuit flow of current, although there were occasions when the idea 
was implied and students could have developed some understandings. She only overtly 
discussed it four times, althvugh there were also five occasions when her explanation 
was unclear, and a further four related to the negative to positive joins in a circuit when 
batteries were in series. 
Gage and Berliner ( 1 992) and Swift et al. ( 1 988) considered that classroom 
discussions are rarely true discussions and arc often recitations, with Swift et al. ( 1 988) 
considering that discussions often consist of teacher-dominated talk and low-level 
questioning. Neither Mr Avery nor Ms Brown conducted whole-class discussions that 
were true discussions. Mr Avery's tended to be explanations which explained some 
scientific tem1s (Ogborn et al., 1 996) and which included a variety of levels of questions 
(Cunningham, 1 987). Ms Brown's discussions were more like those described by Swift 
et al. ( 1 988), tending to be drills with the teacher dominating the talk and using mainly 
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low lc\'d questions. She tcmh.:li \l1 use less scicntilic terms than Mr J\VL:ry, only explaining somi: of them. Mr A\'ery's n1tnmlogw.:, at the hcgimiing <if I .c:-i:-,1111 1 h, although teacher l'.L'lltrcd was also <1 review of what l1ad hcen learned. chcck i11g (It\ student lllHkrstamling ,111d focussing on key concepts (( iagc & lkrlmer, l 1JCJ2) and thi'.-. allmwd the students to acquire more ractua\ i11fonnat1on about the topic under disrnssion (Wilen. 1 987). l\tr A very 's recognition or altcrnat1n: frameworks ( Wi ]son, I (J87) al lowed him to accept uncritically the variety or suggestions students had for circuit flow, a!thot1.gh he did not explain !he COITL'CI answer until .:i stmknt questioned his n.:sponse. �v1s Brown 's lack of  knowledge about altcrnatin:: frameworks limited the discussions m hcr lessons. Unfortunately. only one student response per question was nnnnally considered and students were Jen unaware that other ideas may be held (Vosnia<lou & Jonnides. 1 998). This supports Assertion 5/ 1 0  (Responses from many students allows teachers to be aware of different understandings), but also introduces Assertion 8/83. 
Assertion 8/83 Teachers who are less aware of alternative frameworks may, by restricting discussion either i n  group work or in whole-class discussion, not give students the opportunity to recognise and discuss other ideas. 
The students in Mr Avery's class were attenti\'C and interested and Jcmunstratcd their attention by asking questions and offering suggestions during the \\·hole-class discussions and demonstrations, and during the group acti\'itics and discussions. They also volunteered infonnation and were willing to argue points with the teacher. as well as querying the teacher's statements. Their answers to questions were detailed and often included the reasoning behind their answers, and they were in\'o\vcd in the construction of explanations. Mr Avery had many opp011unities to recognise students' ideas. Thc students in Ms Brown's class did not offer extra infomrntion or participate in the discussion apart from responding to questions, and !heir participation in demonstrations was limited, with many talking or using the equipment. There were no occasions when they were involved in constructing clear cxplanalions. They rarely clahor,1ted on their answers and tended to respond with one word or fragmented answers, making the content difficult to understand. Ms Brown had few oppoi1tmities to recognise the ideas that students had. The interactions and behaviours that occurred during the teachers' visits to groups in both classes were similar, with both teachers using some open 
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questions and allowing students to develop their ideas (Cosgrove & Osborne, J IJ85h; 
Dri\'er et ;11.. l 'N-1). Both teachers also tricd to help clarify the stwknts' thinking and 
idcas (Barnes & Todd, 1 977), and hoth kh the students with a varidy of 
understandings. t\fr Avery usually cnsured that idcas developed in group dis<.:ussions 
were then also included in whok�d.1ss discussions, hut Ms Brown rardy did this. 
When the leurning outcomes arc considered, the contrast hetwei.;n ti.;aching styks 
is rdlcctcd in  the opportunities for learning and the studi.;nts' understandings, with Ms 
Brown's limited discussion resulting in a low level of urnkrst:mding by most students. 
However, three of Ms Brown's students did make a considerable improvement in their 
understandings with a further two showing some improvement. This introduces 
Assertion 8/84 
Assertion 8/84 
Even when infom1ation is not presented clearly and effectively by the teacher in 
the whole-class discussion, students may still improve their understanding of a 
concept. This may be through whole-class interactions or from interactions with 
other group members. 
Summary 
When the teachers' strategies during the whole-class discussion are compared, it 
is apparent that Mr Avery's strategies of
f
ered more opportunities for the students to 
develop understandings, with Ms Brown's strategies offering few opportunities for 
learning. Mr  Avery explained the concepts more often and more clearly than Ms Brown. 
The students in  Mr Avery's class were interested and involved in  the discussion and 
participated in many of the demonstrations and activities. They developed a greater 
understanding of the concepts than students i n  Ms Brown's class who showed little 
interest in the proceedings, and did not participate fully in the discussions or 
demonstrations. They were rarely involved in demonstrations and were often unable to 
see them clearly (Figure 8.4). 
Mr Avery Ms Brown 
Whole-Class Discussions: 
Quiet but animated discussion Discussion not animated or interesting 
Explanation of some of the scientific terms Limited explanation of some of the scientific 
tenns 
Many open questions Few open questions directly related to this topic 
Where several answers accepted, correct answer Where several answers accepted, correct answer 
eventually explained not clearly explained 
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�!any ..:los,·d quc�llow, .\.!any du\ed quc,11,m, 
!)1s..:us�mn 111n1lv,·d m,my �lutknh m lhc ,:la.,, Discw,sion often mvolved the same student'.; 
l\mtn1l 111..:1<knt;1I Control inlermpled discussions 
(. 'kar c.\planat1uu-.; Explanations not always clear 
CunL' lll tlow tkllll1J1�l1atl°1l and 1.·\pL..1u1L·1! Curren! flow only demonstrated and explained 
f1cq11cn!ly infrequently 
Frequent nm1pr chcns1\·e rl·\·11.·\\ s Very limited rcvic 
Discuss,·d fo,u� que�tions with \\"hole da�., Did not discuss focu:. questions with the class 
Krniwk·dgeahk· ahnul studenh' alternative No apparent knowledge of students' alternative 
framcwnrks frameworks 
Used posters. blackboard drawmgs. some Some limited blackboard drawings and limited 
specified practi..:al demonstrat1ons and extra use of specified practical demonstrations to help 
practical demonstrations to help explan,itions explanations 
Student Behaviours and Participation: 
Usually paid attention during whoh:-class Often talked and/or used equipment during 
discussions whole�class discussions 
Moved chairs so they faced teacher during whole- Turned round but did not move chairs during 
class discussions whole�class discussions 
Questioned during and physically involved in Very limited involvement in teacher 
teacher demonstrations demonstrations 
Close to demonstrations At desks for demonstrations 
Asked questions (other than procedural) Only asked procedural questions 
Offered extra infonnation Offered vel)' limited infonnation 
Willing to argue points with Mr Avery Rarely spoke outside teacher questions 
Showed interest and enthusiasm Showed little interest in the discussions 
Gave full answers that were justified Gave only limited factual answers 
Generally drew diagrams on blackboard whilst Spent considerable time watching other students 
other students still working draw on  board 
Questioned about blackboard drawing Limited discussion about blackboard drawings 
Interactions during Group Work: 
Mr Avery ensured all groups knew what they Ms Brown ensured all groups knew what they 
were meant to be doing/using by repeating were meant to be doing/using by repeating 
instructions to individual groups as necessary. instructions to whole class and indi\·idual groups 
Mr Avery monitored the progress of work Ms Brown monitored the progress of work 
Teacher and student utterances similar in quantity Teacher and student unernnces similar in quantity 
Mr Avery used some open questions that might Ms Brown used some open questions that might 
develop understandings develop understandings 
All information given to whole class Some instructions/information given to groups 
not given to whole class 
No answers sometimes reached during group Usuaily no definite answer reached during group 
discussions but clear explanations usually given discussions, and unclear explanations in whole-
in whole-class discussion cl.iss ·disc1.1.S<.:ion . 
D Situations that increased D Situations that limited opportunities for opportunities for 
learning learning D Situations that inhibited opportunities for learning 
Figure 8.4. Teacher and student behaviours during the teaching of Proposition 5 
The two teachers' behaviours when visiting groups were similar and neither 
teacher always reached closure in their discussions with groups. However, Ms Brown 
did not pass on all the information and instructions given to individual groups to the 
whole class, whereas Mr Avery's clearer explanation and dissemination ofinfommtion 
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to the whole class meant that his stutlrnls had more opportunities to develop 
umkrstumlings (Figure 8.4). 
t\.fr A\'ery al lowed the students more opportunities to gem:ratc understandings 
than Ms Brnwn <.nul in\'olved them in mutual construction of explanations. I k allowed 
students more opportunity to realise that there were other ideas that could be considered 
and engaged in discussion that was of a higher quality than that of Ms Brown <Figure 
8.4). 
l\lr AYcry·s Teaching of Propositions 2 and 3: Concepts Relating tu the Amount of 
Current in Parts of a Circuit and Concepts Relating to .Joins in a Circuit 
Introduction 
Generally, Mr Avery was a competent teacher who taught the concepts well. The 
class results for Proposition 2 only showed a small improvement, with the pretest mean 
being 1 . 1 2  and the posttcst 2.08 of a possible maximum score of eight, indicating that 
the students' learning for this proposition was limited. The class results for Proposition 
3 indicate that the teaching of this proposition was more effective with the pretest mean 
score being 0.44 and the posttcst 3.24 out of a possible maximum score of seven. 
Mr Avery's Teaching of Proposition 2: The Amount of Electric Current in any 
Part of the Circuit will be the Same. 
This proposition was in two parts, the amount of current in the wires in a circuit 
and the amount of current in a battery in a circuit. The amount of cm rent in the wires 
was intended to be covered mainly in Lesson 1 ,  although the ammeter demonstrations in 
each lesson should have served to emphasise this and i t  could have been reinforced in 
most lessons. The amount of current in a battery was included in the Lesson 3 outlines 
where the students worked on series circuits. Both concepts were only covered in a 
l imited fashion and at no stage did Mr  Avery specifically state that the amount of 
current in  a l l  parts of the circuit was the same (Figure 8.6). 
Lesson la  
After the students had constructed circuits with one wire, one battery and one 
globe in Lesson 1 a, Mr A very asked them to discuss where the current was in the circuit 
and the direction in  which it was flowing. Although Mr Avery circulated and talked to 
some groups, he only discussed the direction of current flow and not where it was in the 
circuit. The Focus Group did not engage in this discussion, and, since it was not covered 
in the ensuing class discussion, the amount of consideration the rest of the groups had 
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gi\'Cll to lhe subject is unk111m11. �1r J\\'ery did follow the suggestt-d oin:ctions of 
curn:nt !low 011 the hlad.:hoanl diagrams and h is  statemen!., could have indicated that 
the ;.1mount llft:urrcnt was thi.: same througho1:t l1H.: circuit, hut it was tmly weakly 
implied and ii \\'Ollld he unlikely tli:,l tile '.->tmlents would recng11ist: it: 
Mr .·frcn It (the current) comcsji·om /t('rl', this 1w;.:at11·1· part. mu/ it goes right 
amuncl. 111 thmugh the_filr1111c11t and hack through there. ( l .t:\\111J l.J/ 
During the ammeter 1.kmonstration in this lesson, winch was designed to show 
that electric current did not get used up in the glohc. he showed the ammeter readings to 
all the groups whilst explaining what was happening: 
Mr Arc,y (ln<licating the needles on the two ammeters) So it tells us that we 've ,:ot 
some e11ergyflo11 ·ing. ff the energy coming in from t It is side, it \"just 011 
one mark he!oH· the two mu/ there it 's 011 m1e mark hclo\\' the two. So the 
energy going in at 011e e11d is the same os the energy cominx Olli the 
other emf. ( Lesson la )  
This implied that the current in the wires was the same but the tenn electric current 
would have been easier for the students to understand and the tem1 'energy' was used 
incorrectly. 
FOCUS QUESTIOSS 
What was needed to make the globe hght"! 
Where did the joins have to be? 
What do we call this type of construction"! 
Where do you think the electric current was lra\·el\ing to from".' 
What makes you think that"! 
When the globe is lit is tht:re an t:lcctric current in the battl·ry"! 
Why do you think that'.' 
Is there an electric current in the batlery when the globe isn"t lir! 
Why do you think that? 
When the globe is lit is there an electric current in tht: wirl•s"-1 
Why do you think that? 
Is there an electric current in the wirt:s whi:-n the glohe isn ·1 Iii"? 
Why do you think that? 
Do you think tht: electric current was the samt: m the two wires 111 
activity 2 ur were there diffen:nt amounts of currt:nt in the wirt:s".' 
Why do you think that? 
Figure 8.5. Focus questions given to the groups in  Lesson l a. 
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Mr Avery used the focus questions from the lesson outlines to hdp direct the 
group discussion al the end of the lesson (Figure 8.5). He c irculated to ensure the 
students were on-task, but <lid not discuss the concepts with the groups. The only group 
recorded, the Focus Group, did not reach the relevant quc:,;tions in their d iscussions. 
The whole-class discussion at the end of Lesson I a did not reach the questions 
rdate<l to the amount of cmTent in the wires so the topic \Vas not discussed further and 
student ideas were not addressed. During this lessr..n Mr Avery explained that electricity 
\Vas the flow of  electrons, a statement which the students wrote in their workbooks in 
Lesson lb. This was an essential understanding for the role-play activity in  Lesson 1 b. 
Lesson lb  
Mr Avery's explanation at the beginning of Lesson lb  (p. 1 98) also weakly 
implied that the current was the same. He c.1 .:arly explained the direction of current now 
and it could have been construed to mean that the current remained the same throughout 
the circuit. Howevei', this i s  unclear and the concept of electrons slowing down would 
be confusing to the students. Immediately after this a student asked how a battery ran 
down: 
Air A,·e1y We 're actually using the energy that 's slored there. The electrons still go 
back and they get replenished. (Lesson lb) 
Again, the statement implies that something within the circuit would stay the same, but 
i t  is unclear, with no explanation of how electrons 'get replenished'. Mr Avery often 
appeared to use energy and electrons interchangeably and, although his explanation 
demonstrated the difference, it may have confused the students. 
The role-play was designed to demonstrate that the amount of current in a c i rcuit 
always remained the same. Before the role-play, Mr Avery explained what it was 
intended to show and, as the electrons moved through the circuit, explained that they 
were picking-up energy from the battery and the globe was using the energy and, at the 
end, clarified what happened in a circuit :  
Mr Ave1y 
Student 
Mr Ave,y 
Eleven. So we had eleven electrons go through that side. They did11 ·1 get 
used up. The e/eclrons did11 't get used up.just the ener.._'.zl' that they got 
from the 
Battery 
supply. Then they continued through here and the electrons came hack 
and we continued until I broke the circuit. (Lesson lb) 
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Lesson 3 
The concept that the amount of  current in haw.:rics in  a circuit was the same as in 
other parts of the circuit was also covered in  a limited way. About halfway through 
Lesson 3 Mr Avcry followc<l thc now of current in a circuit through the butteries and, 
although the amo1111t of current was not mentioned, the explanation implied the current 
stayed the same. However it was not stated and students with little understanding would 
not have recognised the explanation: 
A1r 1h·e1)' Let ·s tmcc the path of the circuit. We said negative, okay. here ii is. 
Negatl\'e, posili\'l'. The cdectrons, we said, were flowing i11 t/11\ direction 
through here. across there, out ,vent to here, which is the positive goes to 
the negatii·e goes to the positive and goes through. (Lesson 3) 
The concept was d iscussed at the end of the lesson during the wholcwclass discussion 
using the focus questions. However, the explanations were unclear. A student stated that 
the more batteries that were used the brighter the globe would be: 
Mr Ave1y 
Student 
Mr Ave,y 
You remember that /it1le exercise we did with the electron (the ro\cwp\ay). 
We said a bauery gires out zhese little electrons. So, oh\•iously, if I 've got 
two batteries I 'm going to hm·e twice the amo1mt of electrons coming 
out; if! have three batteries I'm going to hm·e three times the amowu of 
electrons coming out and therefore those <!lectrons are the things that 
are causing the globe to shine. IVas there the same amount of energ y in 
each battery in the cirrnit? 
Yes 
Well. there should have heen shouldn 't there becaus(! each 11·as marked 
1.5 volts OIi it. (Lesson 3) 
He initially stated that the batteries all had the same amount of electrons, and, 
immediately afterwards, stated that they each had the same amount of energy with no 
further explanation. 
Remaining lessons 
Although there was some discussion of electron flow in circuits in Lesson 3/4. 
there was no infom1ation that might have improved or changed the students' ideas. 
Mr Avery's explanation i n  Lesson 4 considered the number of electrons a battery 
produced: 
Mr Ave1y Jn series it means we 're adding a 1.5 volt hatte1:v to a 1.5 volt hattcry 
which gives us a 3.0 volt ba1te1y. Okay, it gives us a lot more *. It means 
that we 're going to he addi11g more electrons to go through because this 
batte,:v produces let 's say twenty electrons a11d this 011e 's going to 
produce twenty electrons, therefore we 've forty in total therefore the 
light globe's going to light up \lel)' hright(v. (Lesson 4) 
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Although Mr Avery's interadions with the groups did involve conn:ptual 
discussion, there was no discussion of the amount of curn;nt in tht: circuit. 
Sumnrnry of Teaching 
It is apparent, when the transcripts an.: examined, that this com:ept was not 
addressed well during the activities or the discussions that occum.:d. It was rarely 
covered overtly and the explanations were unclear (Figure 8Ji). 
Lesson/ Record Acli\'ity type 1'.ir11c1pun1s ,\,tmly or d1,,u,,11rn det;.111, 
" Group ucti\'ity SS Constructed simple circuits with one wire, a battery und a globe 
Group SS Direction of current flow ;.md where 1t 1� in ..t c1r,u1t 
discu�smn " Focus Group No relevanr discussion ,, Whole-class No relevnnt discussion 
discussion 
la 554&572 Ammeter T . 111e C/lrf('//( I II hot /1 .\//le.> fJj I he ('// I 11 I/ I I Ilic \!J 111,· ( 51..!1 cd 
demonstration twice) 
la 626 \\'hole-class T . The flow of current is the flow of clecrrons 
discussion Weak implication that current stayed the same 
Group activity SS Groups generated answers to question sheet, may not have 
reached relevant question ,, Focus Group No relevant discussion 
Whole-class Oiscussed question sheets - no relevant information 
discussion 
lb 32-35 Whole-class T . Electro11sflow through the circuit 
review . Energy gets used up in the circuit . Eledro11s ronli1111e through the circuit and get repfeuished in 
the battel)' 
Weak implication that current stayed the same 
lb 94-141 Rolc•play TISS Indicated electrons flowed right round a circuit 
lb  ]42-158 T/SS . Efcctrons do 1101 get used up 011/y energy 
3 Group activity SS Co_!lncct� ,batteries in series. 
T C1rculatcd and discussed amount of electrons flowing through 
the battcriei with one group 
3 Whole·class T Followed flow of current through a series circuit. 
discussion Weak implication that current stayed the same 
3 801 Whole·class T . Two bat/cries would have twice the electrons and three 
discussion ba/terfrs would hal'c three times the electrons 
3 802-S04 T . The amount of energy i11 each baltery was the same ' Group activity SS Connected batteries in  parallel 
4 156 Whole-class T . /11 series the mltagcs of the batteries are added togelhcr 
discussion . A battery prod11ces.for example, 20 elec/r011s therefore two 
4 156 T batteries will produce 40 c/cctro11s 
Note: • Indicates explanation generated or offered 
Participants: T - Mr Avery, S - Individual student, SS - Several students, , T/SS Mr 
A very and one or more students D Concept discussed or D Concept implied D Concept not discussed demonstrated or incorrect statements 
Figure 8.6. Summary ofacti"dtics and interactions which provided opportunities for 
developing understanding of Proposition 2. 
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Changes in Students� Understandings 
In the pn:h.:st for Qu<:stion 5, the qu<:slion rdating to <:U1Tc11t flow in th<: 
batteries. nine students 111,1dc the correct choice although only one gave an accq1tahk: 
cxplanatilrn. I n  the pnsttcst 14 studcnts, 5M'\J o f  the class, made the correct dwin:. wit Ii 
eight students offering a limilcd explanation and three unable to offer any explanation 
(Table 8.4). The level of explanation varied: 
Ann Hcca11sc c/cctricity has to }low t hrmtKh all 3 halteries lo rcac/1/poH ·er the 
glohc and once it rcachcs it it just kecpsjloH'illg, it docs11 'tj11st stop 
hccm1sc the electric c11rrc11t is e\'Cll tJ/110/IK the haueries. 
IMJ6 They all produce 1.5 J' of energy 
Three students made an incorrect choice in the posttcst but did not offer 
understandabl e  explanations and three felt that the energy built-up as it passed from 
battery to battery resulting in the battery closest to the globe ha\·ing the most energy. 
One student still stated that, for the globe to work, all the batteries must have the same 
amount of energy. Three students offered idiosyncratic explanations and one did not 
respond to the question. 
Table 8.4 
Type and Number of Student Responses to Q 5 and Q I O from r-.-tr Avery·s Class o n  the 
Pre and Posttests (n - 25) 
Type of response 
Correct response 
Batteries: l11e battery closest to the globe has the most 
current 
Batteries: All batteries must have the same current for the 
globe to work 
Wires: 1 1e electric current is used up  in the globe 
Wires: Current comes from both ends of the battery 
Wires: Current only comes from one end of the ba!lcry 
Idiosyncratic answer 
Invalid answer 
No response 
:--:umbers of responses 
Q 5  Q IO 
Pretest l'osttcst Pretest Posttcst 
9 t4 6 12 
6 3 
) 
9 2 
0 
5 ) " 
I) ) 5 
2 
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Question I O assessed student understandings of' !he amount of  electnc current in 
wires t:ither side o f  a globe. In the pn.:tcsl six students made the correct choice, with 110 
studt:nt oftl.·ring an aC<.:cptahle explanation. In the posttcsl, 1 2  stude11ts made: the correct 
choice with four or lhL·sc g i \'i ng exp tanal ions that wen.: not unders!andab I e CJ ah le X .  4 ). 
Again the lc\·d of explanation varicd although only two students gave an all.'>Wcr !hat 
indirntcd a rL·asonahlc umkrstam!ing. ( icnt.:rally the lcvcl of  ex planati<m was low: 
/.\ff.I 
/Fc6 
The same amo1111t r) current got's through the 11 ·tn's 
It goes 11rouncl i11 circles 
Of the n.:maining students, three considcrcd that all or some of the electric 
current was used up in the glohc and two had a hi-polar \'lew of cum:nt flow and 
considered that the same amount of current would come from each t:nd of the hattcry. 
Six students offered idiosyncratic explanations. 
The pretest mean for this proposition was 1 . 1 2  with the pos\lcst mean heing 2.fJ8 
out of a possible score of eight. Although scYcra! students changed their choice. the low 
level of the explanations resulted in only a limited improYcment in the scores. 
l\lr Avery's Teaching of Proposition 3: ,Joins in a Circuit Consisting of \\
°
ires. 
Batteries and Globes Need to be at Specific Points on the Batteries and Globes to 
Result in a \\'orking Circuit. 
Mr Avery discussed this proposition in detail in Lessons I a and I h. \nth further 
limited discussion in later lessons (Figure 8.7). In  Lesson 1 .  s1udc111s compkicd 
activities using globes with no globe holders and could sec al l  the cnnncctions. Once 
globe holders were introduced in Lesson 2 the globe conncction points werc no \ongcr 
visible although those on the battery were. A poster was supplied showing a diagram of 
a simple circuit (Appendix 3)  which showed the globe connections and which \\·as 
constantly used by Mr Avery to show the path of current flow in circuits. 
Lesson l a  
The first group activity was to construct working circuits using a battery. one 
wire and a globe. Mr  Avery had drawn diagrams of possible methods o f  construction 
clearly showing joining points, although not all of the diagrams were o f  working 
circuits. Students were asked to work in their groups to construct and test circuits to find 
those that worked. Most students worked in pairs as there was enough equipment 
available an<l they tcn<le<l to use the d iagrams on the blackboard as a guide and tested 
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tl10sc, although some started to experiment further. The data from the Focus Group indicate that, allhough the students worked in pairs, they wcn: interacting as a group. During the time the groups were constructing circuits, Mr Avr.;ry circulated round the classroom ensuring that the groups were using the correct cquipmcnt and that they undcrstoo<l what they were doing, somctiml!s announcing to the class when a group had managed to light their globe. He did not, at this stage, offer help to the groups but encouraged them to keep trying to construct a working circuit. He was also aware that some students were competent at the activity and challcngcc.l them: 
Mr Aven' Righto. For those clever people who have found two ways, i11 a cw al fi1c1 
there are, see ifyou can . . . .  ji1ulfo11r ways. (L'"s.1·011 Ja) 
The student responses indicated the range of expertise in the class: 
Swde11t J 
Student 2 
Student 3 
Student 4 
I've found three. 
I 've found two. 
I haven 't fowul any. 
f'vef01md three. (Lesson la) 
Later, as he visited the groups, he asked them to demonstrate their circuits with some 
students enthusiastically explaining how they had been constructed. 
Mr Avery stopped the activity after about four minutes and asked individuals to 
indicate, by adding yellow light rays to the diagrams, which circuits drawn on the 
blackboard would light a globe. There was no discussion at this stage but most of the 
class were attentive and were offering advice to the students working at the blackboard. 
Mr Avery asked a student to read out the foll instructions for the activity which asked 
the students to draw all the circuits that they made. Mr  Avery reiterated the instructions 
indicating that they needed to draw diagrams of any circuits that they had constructed. 
He suggested they use the blackboard diagrams and that they may need to test them 
again, but they also needed to draw other circuits that they had constructed. Once again 
he circulated to ensure that the students were following instructions. 
After some group discussion of direction of current now, Mr A VCI)' used a 
cardboard template of a battery and one of the working circuit diagrams drawn on the 
blackboard to discuss cuffent flow and indic11ted the joining points, incidentally nmning 
the joining points on the battery. When following the circuit with his finger for each 
possible circuit flow suggested by the students he again indicated the joins. He then 
asked the students whether two new circuits that he had drawn would light the globe. 
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M r  Avery asked the students to look al their equipment an<l see if they could 
explain where the joining points needed to be on a globe for il to light an<l n.:ccivcd 
answcrs from several student:,;, summarising them as: 
Swdcllt Air Al'e1:v 
(Hay, the metal casing 011 J/11: outside, a11y part rfthe mef(I/ t:asing !111d 
1rhere 's the other onc.'I 
On the hottom, f/t{lf lilllc 11111 grey hit. 
Okay, see the /i!tle silver part, the /iule grey part down there 
(indicating). ( Lesson la )  
He then followed a circuit through with his ringer, again indicating the battery joins 
although not naming them. The second activity was to build a circuit using a battery, tv,10 wires and a globe with the globe not touching the battery, and record al! the circuits constructed, with most students again working in pairs. The groups were allowed just over nine minutes for this activity and, this time, as Mr A very visited the groups, he asked questions to d irect the students' attention to their errors: 
lY!r Avery Right, yo11 've got your two wires. It 's 1101 working. What did we say 
about the glohe? What are the important parts of the g/ohe that need to 
be connected? Okay, now try it. (Lesson fa) 
M r  Avery asked individuals within the groups to demonstrate the working circuits they had constructed, accepting any that were using inco1Tcct equipment but also suggesting they use the right materials. He also checked students' diagrams and, where the joins were incorrect, pointed out the errors and asked the students to correct them. Whilst the class was still working Mr Avery asked four students, including three Focus Group members, to draw working and non-working circuits on the blackboard. Jon, from the Focus Group, was asked to draw a working circuit but drew a non­working circuit. When these were completed, the students packed away and turned their chairs to face the blackboard. They were asked to decide whether the circuits drawn on the blackboard would work or not and, i f  a diagram was not a working circuit, a student was asked to correct the diagram, moving the joins to the correct points. Bob, from the Focus Group, corrected Jon's diagram. Mr A very spcci fically referred to the joining points on both the battery and the globe when he described why the circuits were now working. During the next part of the lesson Mr Avery used the ammeters to demonstrate current Oow through a circuit. Although the connections were not visible Mr Avery did 227 
I 
talk about the joining points on a battery, referring to the positive and negative 
terminals, terms which had been used previously when thc class discussed direction of 
current flow. At the end of this segment oJ'the lesson, he used one of the blackboard 
diagrams to show the flow of current, again showing the joining points of the circuit. 
The groups were then given a photocopied sheet of the focus questions and were 
asked to discuss them and write the answers on the sheet (Figure 8.5). Again, Mr Avcry 
cireulatcJ through the groups and ensured they were on-task although he did not get 
involved in the discussion. The amount or input from individual students may have 
varied as was demonstrated in the Focus Group. Initially, the group members were all 
involved but, because of a lack of support from group members, Pat's contributions 
diminished as the discussion progressed, although she did still listen: 
Sue Um. Where did the joins have to be? 
Pat On the side and on the 
Jon One to the positive one to the 11egative. 
Bob Positive a11d negative. 
Pat Was it, are you liste11i11g to me? 
Jon Write positive a11d negative. 
Pat Would it be from the globe. 
Jon Look, where's a batte,y? Look how it 's got that on there that 's positive. 
Pat Yeah. 
Jon So that 's where the rnrrent goes to from that end to that end. It flows 
from there to there. 
Sue Okay. 
Pat I know. (lesson fa) 
In this case the joins to the globe were ignored because of Jon's domination of the talk. 
The focus questions were then discussed as a whole-class, although this was not 
completed as the end of day siren went. However, the parts relevant to the construction 
of a working circuit and the position of the joins were the first two questions and they 
were covered with the students responding correctly. The students had turned their 
chairs to face Mr Avery and most were paying attention. Mr Avery, once again, used 
one of the blackboard diagrams to show the current flow through a circuit. 
Lesson lb  
In the follow-up lesson (Lesson lb )  shortly after the main activity lesson, Mr  
A very discussed electricity in general with the class, but within that discussion he used 
the supplied diagram of a simple circuit to follow the flow of electric current, 
incidentally showing and naming the joins: 
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Now a circuil. as we cm, now estah/ish, has to he a circle of movement 
fhr the electrons. 71U!re ii is ( following circuit diagrnm), From our 
negatiJ,e part of our haue,:v it/lows through the wire into the casing of 
the glohe, arowu/ the.filament which produces the light, so some oftlwse 
electrons are slv\\'ed down using the light, and then the electrons . . 
continue 011 all(/ go to the hafte1y. (Lcssor1 lh) 
He did this a second time shortly before asking the students to copy the diagram of a 
simple circuit and the two statements about electric circuits from the blackboard. 
During the whole-class discussion, not all the students were on-task, with some 
completing their title pages for the science topic and others trying to produce static 
electricity. However, the students generally worked well during the recording part of the 
lesson. Mr Avery circulated round the students checking their work and helping with 
any difficulties, with all students copying the joins correctly. 
After the role-play activity the groups were allowed seven minutes to discuss the 
Summary Sheet for the lesson which showed a torch which was incorrectly connected to 
an external globe. The students were asked to discuss why it did not work and suggest a 
way of correcting it. Mr A very circulated to ensure the students were on-task and knew 
what they were doing. After the group discussion he gained the class's attention and 
conducted a whole-class discussion on the topic. Initially students were trying to explain 
verbally what the problem was and how to solve it, with rather unclear explanations: 
Stude11t 
Mr Avery1 
Stude11t 
Jo 'II need two wires oh (pause) Start from the torch.from the inside of 
the torch and it 's attached 011 hoth sides of the glohe (pause) er 110 
011 the casi11g and on the 
011 the casing. (Lesson lb) 
Mr A very then drew the diagram from the sheet on the blackboard and asked a student 
to come and draw her solution. She drew all the connections correctly as did the second 
student with her solution. The students were attentive as Mr Ave1y described the circuits 
whilst the students were drawing and then used the second diagram to follow the circuit 
flow, going through the joins. Of 1 8  Summary Sheets completed and handed in, 1 0  
demonstrated that students recognised that the circuit in  the diagram would not work 
and reasonable alternatives were offered: 
IF8 
IM/2 
Because it (the globe) is not touching the case (of the battery) then you 
must have two wires. 
Because she doesn 't have the negative wire. 
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A further six recognised that that the circuit diagram would not work hut three drew new circuits that were incorrectly connected anti the n.:mainder did not draw a new diagram. Two Summary Sheets which hml no written work hat! diagrams indicating that the students had not understood the basic structure of a simple circuit. 
Remaining lessons From Lesson 2 onwards the students used globL: holders in the circuits. At the beginning of Lesson 2, Mr Avery briefly reviewed the connections necessary to allow a globe to light. During the first activity the students were constructing simple circuits and extending them and, as Mr Avery visited the groups, he questioned some students about the circuits and globe holders, explaining how the globe holders worked. Mr  Avery repeated this explanation during the whole-class discussion after the first activity, directing the students to look at the parts of a globe holder and showing how the connections were made within the holder. At the end of the lesson, prior to reviewing the lesson activities, Mr Avery used the supplied diagram ofa  simple circuit to show the flow of electric current pointing out the joining points and describing the circuit: 
Mr Avery Okay, what we did today was agai11 collfinue that idea of a circuit as we 
have over here. (indicated supplied diagram) The battery.from the 
negative, we have it goi11g through the casing. through the jilamellf, 
which uses the energy to light up the globe. Then hack out through the 
bottom tip of the globe, right through back to the haucry . . . .  (Lesson 2) 
In  the remaining lessons students were constantly constructing and drawing diagrams of circuits which would have reinforced their understanding of the joining points, although, as globe holders were used, the globe connections were not visible. Most student diagrams and the blackboard drawings produced by Mr Avery tended to have globe holders drawn in rather than the globe and Mr  A very used these to show current flow and, incidentally, show joining points. However, he also frequently used the supplied diagram which did not have a globe holder. 
Summary When analysing the transcript data it was apparent that this concept was covered i n  detail. There were frequent opportunities for the students to recognise the correct joining points on a circuit which Mr Avery described overtly, and also incidentally when demonstrating current now using diagrams (Figure 8. 7). 
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l,l'sson/ Record Activity type Participants Act1v11y ur d1scuss1on dc1H1 Is 
1 .. Focus Group Jon & Bob Constructed a workmg circuit 
l:1 Whole-class T Instructions lo construct circuits using one battery, or.c wire and 
discussion a globe. 
1 .. Group activity SS Con.�1ruclcd simple circuits with one wire, a bat1cry and a gllJbc 
T l'ircula1cd cn;,uring group, 011 lask. Aakcd studcn1� to 
demonstrate working c1rr,11ts. 
1,  T Challenged students to make four different working circuits. 
1,  Focus Group All V,'nrked in pairs to construct working circuits. No discussion of 
'oinmg points 
1,  Whole-class T/SS Student� identified which of the circuits drawn on the 
discussion blackboard worked and which did not. 
1,  Group acti\'lty SS Studcnts tested and recorded working and non-working circuits 
1,  Focus Group All Constructed circuits. No relevant discussion 
1,  Group SS Direction of current flow and where it is i n  a circuit 
discussion ,, Focus Group All Continued recording, did not discuss topic 
1 ,  Whole-class T Reminder to discuss topic 
discussion TISS Generated understandings of what an electric current was 
1,  Group SS Direction of current flow and where it is in a circuit 
discussion T Circulated and questioned·and then drew two more circuits on 
blackboard. " Focus Group Continued recording, did not discuss topic 
l a  266,270, Whole-class T Referred to positive and negative on battery when discussing 
275) discussion direction or flow. 
l a  280-289) SS Identified working und non•won,ing circuits drawn on 
blackboard. 
T Followed suggested current flow on circuit diagrams three times 
incidentally showingjoins. 
l a  290) T Where arc the joining points on the globes'.' 
l a  291-292) s . Lit//e sprmg (fila111<!11t) 
la  296) s . Metal casing 
l a  298) s . Grcylsifrcr hit 
l a  297&299) T . On the metal casing and m1 the sifrcr grey bir 
l a  301 )  T Traced circuit on blackboard diagram with his finger on 
blackboard diagram, incidentally indicating joins. 
1,  Group activity SS Constructed simple circuits with t\vo wires, a battery and a 
globe, recorded working and non-working circuits. 
T Circulated, helping and advising and checking diagr::uns " Focus Group All Working in pairs or individually to construct circuits. 
Recognised that some connections result in hot wires. ,, Group activity SS Selected students including Sue, Jon and Pat. drew working and 
non•working circuits on the blad.board 
l a  494·53 1 )  Whole-class T/55 Identified working and non-working circuits on the blackboard 
l a  494-53 1 )  discussion SS Corrected blackboard diagrams by changing position of joins. 
Bob corrected Jon's diagram 
la 538-62 ! )  Ammeter Contact points not'visible. 
l a  625) demonstration T cUrr'e�t flciwS'frOrri ·nl!g'atiVe io "Positive. " Group activity SS Groups gCrierated ansWers to question.sheet 
l a  FG570-582 Focus Group All Only discussed baltcry joins in detail no globe joins 
Who!e-cluss Discussed question sheets -joining points in a circuit 
discussion Joins 1wcd to be 011 the posit ire a11d 1wgalil'(' (fthc ba11e1:r and 
l a  679-697 TISS on the casing a11d grcr 1wrl of//,(' globe 
la  749 T Followed current now in circuit on blackboard diagram. 
showing joining points 
l b  22,32, 6 1  Whole-class T Followed current now in circuit on blackboard diagrams with 
review his finger three times 
T Described all circuit joins !Wice, battery joins once more 
lb Group activity SS Copied the supplied diagram and blackboardcd statements 
T Circulated, helping as necessary 
lb Focus Group All Copied diagrams. 
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Lesson/ Record Activity type l'ar1icipunts Attivity or discussion dclalls 
lb Group activi1y SS Gn:..ips di.,cusscd mid gcncrntcd solulions to pmhlcms on 
Summary Sheet including Joining points in ;1 circun 
lb FG5J-97, Focus Group All Discussed !he problems on the sheet and generated gr1111p 
105-145 responses. All completed the sheet 
lb 107-116 Whole-class s Currcct,d hatlcry Jorns on torch d1agr,1m on blacklmard 
discussion producing possible s11lution. 
lb 222 s Drew possible su)ul1un on h1:ickbomd 
l b  231 '[' Described and followed two current !low possibil1t1c'i on �tudcnl 
d1agr.im incidentally �huwing3oming points 
2 5  Whole-class T Swtcd joining points on battery and globe 
introduction 
Group activity SS Constructed u simple circuit to test conductors using a globe 
holder and two wires in unc side of the circuil 
2 J77&JS9 Whole-class T Explained and demonstrated jrnns in globe holder 
2 J7S-JS9 discussion T/SS . Whe11 1he g/ohe fa· 1111.Ycre1w.:d the l'1rc11it 110 lo11Ker 1rork.1· 
Group activity SS Tested for conductors and insulators 
2 921 Whole-class T Described circuit and joins using poster 
discussion 
3 16 Whole-class T Traced circuit on poster with his finger incidentally showing 
review oining points 
Group activity SS Completed globes in series activity 
3 524&526 Whole-class T Followed current flow through two series circuit diagrams on 
discussion blackboard with his finger, incidentally showing joining points. 
Group .ictivity SS Completed b.ittcrics in series activity 
3 8 ! 1 Whole-class T Trnced circuit on torch poster with his finger 
discussion . A circuit is a co11timm11s circle 
3 812-814 TISS . Joins lo the globe are through rhe globe holder 
T/SS . When the globe is 1111scrcwed the circuit i.1· ml 
3/4a Group activity SS Connected globes in p.irnllcl 
3/4a 453 Whole-class T Followed current flow on blackboard diagram with his finger 
discussion incidentally showingjoining points. 
Group .ictivity SS Connected globes in series 
3/4a 653 Whole-class T Followed current flow on blackboard diagram with his finger 
3/4a 684 discussion incidentally showing joining points. 
3/4a 685-692 T Used bridge analogy, followed current flow in circuit on 
blackboard di.igram with his finger incidentally showing joining 
points. 
3/4a 694-705 s Student suggested an alternative parallel circuit and drew on 
blackboard 
3/4a 706 T Followed current flow in parallel circuit on bhickboard diagram 
with his finger partially using bridge analogy incidentally 
showing joining points. 
3/4b 40-47 Wholc-cl.iss T/SS Whe,, the globe is umcrcwed the bo110111 metal hit of the �lobe 
review holder is 110 longer co1111ccted 
3/4b 50 T followed current flow in circuit on diagram of parallel circuit 
with his finger incidentally showing joining points. 
4 Group activity SS Connected b:ittcries in parallel 
4 585 Whole-class T Followed current flow on blackboard diagran1 with his finger 
discussion incidentally showing joining points 
Note: • Indicates explanation generated or offered 
Participants: T - Mr Avery, S - Individual student, SS - Several students, 
T/SS Mr Avery and one or more students 
D Concept discussed or D Concept implied D: i Co�1cept not discussed demonstrated · . .  \· . or mcorrect statements 
Figure 8. 7. Summary of activities and interactions which provided opportunities for 
developing understandings of Proposition 3. 
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Changes in Students' Understandings 
The teaching and aclivitics used resulted in 1 8  �tudcnts (72cYr,) of the class 
demonstrating a scientific understanding in the posttcsl with 56%1 actually changing to a 
scientific view (Table 8.5). The four students who retained their scientific view gave 
explanations that demonstrated improved understanding: 
Pretest 
IF2 I chose these two hecause they are practically wired the same way with 
one wire attached to the hottom of the globe and the other to the side 
Posttest 
JF2 Because they are connected in a circuit negative to positive 
Eight students demonstrated a good or developing understanding, with the remaining 1 0  
offering limited explanations: 
1 F 1 Because they aren 't connected properly 
1 F26 Because of the way they are connected 
Table 8.5 
Type and Number of Student Responses to Questions 7a and 7b from Mr Avery's Class 
on the Pre and Posttests (n - 25) 
Type of response 
Pretest 
Correct 4 
Joins can be anywhere on the globe 
The circuit must have two wires 4 
Only one wire is needed from the battery to the globe 
Idiosyncratic 6 
Invalid answer or no response 9 
Number of responses 
Q 7, 
Posttest 
18 
3 
0 
2 
Q 7b 
Pretest 
3 
3 
6 
1 1  
Posttest 
1 8  
3 
0 
2 
One student did not respond to the question. Three of the students who still had 
alternative frameworks after the teaching sequence did not consider that the globe sitting 
on the positive terminal of a battery and connected to the negative tem1inal with a wire 
would work. This was only covered in the first part of  the first lesson and was not 
discussed further. One student considered that if the wires were connected to the sides 
of the globe from the positive and negative tenninals of the baltery the globe would 
light. The remaining two students gave idiosyncratic explanations. 
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The pretest mean score for this proposition was 0.44 and the posllcst mean was 
3.24 out ofa possible score of seven. 
Comparison of Changes Hctwccn Propositions 
A higher percentage ofstu<lcnts made the correct choice for Proposition 2 than 
for Proposition 3 in the pretest. However, the number of students who changed to a 
correct understanding for Proposition 2 in the posttcst was less than that for Proposition 
3, with an increase of l 6'Yo for Question 5 and an increase of 24'% for Question I 0. The 
posttest improvement for Proposition 3 was substantial, with 56% more students making 
the right choice for Question 7a and 60% making the correct choice for Question 7b. 
(Table 8.6). Although the number of students making the correct choice for Question 5 
and 1 0  on the pretest was higher that that for Questions 7a and 7b, there was ample 
room for improvement. 
Table 8.6 
Changes in Students' Understanding of Propositions 2 and 3 
Proposition 2 Proposition 3 
Pretest Posttest Change Pretest Pastiest Change 
Question 5 Question 7a 
Correct choice 10(40%) 14(56%) 4(16%) Correct choice 4(16%) 18(72%) 14(56%) 
Question 10  Question 7b 
Correct choice 6(24%) 12(48%) 6(24%) Correct choice 3 ( 1 2°/,,) 18(72%) 15(60%) 
The quality of explanations given was considerably better for Proposition 3 than for 
Proposition 2 with the mean for Proposition 3 increasing by 2.8 whereas the mean for 
Proposition 2 only improved by 0.86. Again, the pretest mean for Proposition 2 was 
higher than that for Proposition 3, but there was ample room for improvement. 
Discussion 
The analysis of Mr Avery's teaching of Propositions 2 and 3 has demonstrated 
how the quality of teaching may vary when one teacher is addressing different 
understandings. The two propositions were very different with Proposition 2 being a 
more abstract concept than Proposition 3, which was visible and practical. Howc\'cr, Mr 
A very demonstrated his competence at teaching more abstract concepts with other 
propositions and the poor improvement in understanding in Proposition 2 could have 
been improved i f  more attention had been paid to the proposition. Mr Avc1y's rapport 
with the students did not change during the teaching of these two propositions and, in 
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fact, both propositions should have been addressed initially during the first lesson with 
further explanations during later lessons. However, thl.: amount of attention l.:ach 
proposition received was very different. Although he askl.:d the students to discuss the 
amount of  current in the various parts of the circuit (Proposition 2) in their groups, it <lid 
not get referred to overtly in r.ny of the whole-class discussions and he did not bring it to 
the students' attention during his group visits. The only time this concept was overtly 
addressed was in the role-play. I f  the curriculum materials had been followed, the topic 
would have been covered in more depth. Mr Avery wus knowledgeable about electric 
circuits and it is unlikely that this omission was caused by a lack of knowledge 
(Arditzoglou & Crawley, 1 990; Gilbert et al., 1 987; Smith & Neale, 1 989) and it may 
have been omitted only because he had not referred to the teaching materials. This may 
be a proh!�m when teachers are familiar with the topic and do not read the lesson guides 
carefully. Proposition 3 was discussed in detail ,  both during the whole-class discussion 
and during Mr Avery's visits to groups, with Mr Avery using a variety of strategics to 
i llustrate this concept. He also frequently revie\ved it, including covering the relevant 
focus question during the end of lesson review in Lesson 1 .  Mr A very did not overtly 
discuss Proposition 2 at any time although it was referred to indirectly, and i t  was not 
discussed during the end of lesson review. 
The students did not change their behaviours and attention but the lack of overt 
explanations and discussion about Proposition 2 allowed the students few opp011unities 
to develop understandings either during the whole-class discussion or group work. 
Although Mr Avery's explanation at the end of  the ro!e-play (p. 2 1 9) explained that the 
electrons did not get used up, the explanation was limited and the students had no 
opportunity to become involved in the discussion as it was a teacher explanation with no 
questions. The students had opportunities to discuss concepts and engage in activities 
related to Proposition 3 in their groups, and Mr Avery frequently reviewed it when 
visiting groups, but they had little opportunity to engage in group discussions of 
Proposition 2. The Focus Group, and possibly other groups, did not get this far when 
they were discussing the focus questions, and these data introduce Assei1ion 8/85. 
Assertion 8/85 
Sufficient time needs to be allowed in all lessons for the students to engage i n  
discussion and reflection. 
2)5 
When the learning outco1m:s arc ornsidcrcd, the Jack of attcntio?1 paid to 
Proposition 2 is reflected in the l imited improvement in umkrstandings that the students 
demonstrated, with eight of the 1 4  correct choices having inadequate explanations. 
The students developed more scientific understandings for Proposition 3 with I 8 
students making the COITccl choice an<l nonc giving ina<lcyuatc explanations. 
Summary 
Mr A very only engaged in limited discussion of Proposition 2 compared to 
Proposition 3 and used fewer strategics which would provide opportunities for the 
development of understandings (Figure 8.8). It is apparent that the whole-class 
discussions in the lessons did not give the students the opportunities to find out about 
the amount of electric cun-ent in various parts of a circuit. However, they had many 
opportunities to be involved in activities related to joins in a circuit (Figure 8. 1 1  ). 
Because of the lack of discussion and activities relevant to Proposition 2, Mr 
Avery's interactions with the groups were very l imited. There were far more 
opportunities for him to be involved in the activities and discussions related to 
Proposition 3 (Figure 8.8). 
Teaching Proposition 2 
Whole-Class Discussion: 
Friendly to students 
Control incidental 
Very limited overt discussion of topic 
No open questions 
No,questions about.topic· · 
Weak or limited explanations 'of concept' 
Teaching Proposition 3 
Friendly to students 
Control incidental 
Quiet hut animated discussion 
Limited open questions 
Many closed quest10ns 
Clear explanation of position of joins 
; Limited weak mentions· of-topic 
(: ,,; 
' " 
Frequent clear discussions of topic with incidenta I 
and overt iJentification of Joins 
Indirectly used posters and blackboard drawings, 
when mentioning topic 
Explanation of some of the scientific tem1s which 
were used inconsistently by Mr Avery 
No student input to discussions 
Knowledgeable about students' alternative 
frameworks but did not use knowledge 
;No opportunities to recognise direction of current 
:flow 
Used ammeter demonstration to imply concept 
Limited reviews which only weakly recognised 
topic 
Whole"class focus question discussion did not· 
re.ich this topic 
Role-play demonstrated current the snme, 
explained by Mr Avery 
Not relevant 
Used posters, blackboard drawings, some 
specified practical demonstrations and extra 
practical demonstrations to help explanations 
Explanation of some of the snentific terms which 
were used consistently by Mr Avery 
Discussion involved many students in the class 
Knowledgeable about students· nhernati\'C 
frameworks and used this knowledge 
Provided many opportunities for students to 
recognise joining points for themsel\'es 
Not relevant 
Frequent comprehensi\'C reviews \\'ithin initial 
lesson and in other lessons 
Discussed focus questions wilh whole class 
Not relevant 
Whole-class discussion of Summary Sheet 
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Teaching Proposition 2 Tcachi11g l'rup1Jsitio11 3 
Student llcha,• iours and Participation: 
No appropriate discussion . Moved so tl1ey f;iccd tc.icher 
No opportunity Showed interest and cnthusiusm 
Not relevant Drew diagrnrm on bl.ickhoanJ whilst other 
students still working 
Not rckvant ()uestioncd .ihout am! phy�ically involved HI 
evaluating and correcting blackboard drawings 
:No opportunity . Questioned during and physically involved in 
teacher demonstrations 
Cll1SC to role-play Close to demonstrations 
Usually paying attention Usually paying altcntion 
Focus questions used to direct final discussion but Focus quc�tions used to direct final discussion 
topic may not have been reached in group focus 
question discussions 
No opportunity Copied diagrams that addressed concept 
_No opportunity · .  Offered extra information 
Not all groups followed teacher instructions for Most groups followed teacher instructiom; for 
discussions written and practical activities and discuss,ons 
No �urrunary Sheet questions. . Whole-class discussion of Summary Shed 
' 
. . addressed concept 
Interactions during Group Work: 
Not relevant Mr Avery checked and questioned students about 
incorrect diagrams 
�.AV:ery did not ch,eck that students were :,.1r Avery ensured all groups knew what they 
'disi.:llSSing this topic were meant to be doing/using by repeating 
,· " . • '  . .  • instructions usually to individual groups as 
. 
" necessary. 
Mr Avery did not monitor discussion Mr Avery monitored progress of work 
Not relevant Mr Avery assisted groups that were having 
difficulties and encouraged groups to keep trying 
for a working circuit 
The limited information given to a group also Information given to groups also given to whole 
given to the whole class. class 
Not relevant Gave students opportunities to demonstrate the 
construction of their working c]['cuns 
Not relevant During activities encouraged and challenged 
students as a class 
Only limited discussion with one group Discussed joins with many of the groups 
D Situations that increased D S ituations that limited D Situations that inhibited opportunities for opportunities for opportunities for learning learning learning 
Figure 8.8. Teacher and student behaviours during the teaching of Propositions 2 and 3 
The last four chapters have looked at the interactions that occurred i n  the three 
classes. Chapter 9 considers the impact of these interactions on student understanding 
by examining the conceptual changes that occurred in the three classes for al !  
propositions. 
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CIIAPTER 9 
The S tudcnts1 Development of Understanding 
Introduction 
The learning outcomes idcnti ficd for the topic were defined as a set of eight 
propositions: 
l .  [ f componcnts have not been connected in a complete circuit there is no electric 
current in any component. 
2. The amount of electric current in any part of a circuit will be the same. 
3. Joins in  a circuit consisting of wires, batteries and globes need to be at specific 
points on the batteries and globes to result in a working circuit. 
4. When a circuit is connected and a globe is lit there is an electric current through 
all parts of the circuit including the battery. 
5 .  Electric current travels in one direction through a circuit. 
6. Some materials allow electricity to flow through them. 
7a. When several batteries are connected in series, current flow will be greater than 
with a single battery 
7b. If the total voltage of the batteries is greater than the voltage rating of the globe, 
the globe may blow; ifit is less the globe will be very dim. 
7c. When several globes are connected in series the voltage available is divided 
amongst the globes and the globes appear dimmer than if connected in parallel. 
8a. When several batteries are connected in parallel, the current flow is the same as 
that for a single battery and the current will operate for longer than when the 
batteries are connected in series. 
8b. When several globes are connected in parallel the voltage is applied equally to 
all the globes and they appear brighter than if connected in series. 
The pencil and paper pre and posttcst instrument was constructed to assess 
students' understanding of the propositions before and al1er the unit of work with the 
Focus Groups also participating in pre and post interviews. For each question, the 
students scored one mark if they made a correct, initial choice of answer. The 
explanation was then examined and, where the student offered an explanation that was 
close to a scientific response, they were given three marks. lfthe response demonstrated 
some understanding two marks were given and if the understanding was quite limited, 
238 
but there were indications or a scicnti fie view, one mark was given. Where a student had 
just rephrased the qul!slion, had offered an cxplanation that was 1101 undcrstandahk: or 
the answer did not indicati.: any scientific understanding, no marks were givcn. The 
seorl!s attained by each class anJ Focus Group ari.: reported and the changes in 
umkrstamling ror each proposition discussed. Th1.: performance of the three classes is  
then compared and tlw findings related to asscrtions that have already het:n gt:ncrntL!d 
with some new assertions also produci.:d. 
l\"1r Avery's Class 
Pre and Posttest Results for the Whole Class 
Twenty-five of the 28 students in the class completed both the pre and posttcsts. 
This class showed an improvement in understanding of all propositions and the mean 
test score increased from 7.56 on the pretest to 22.00 on the posttest, out of a maximum 
possible score of 59. The improvement in understanding of specific propositions varied 
with some showing a substantial improvement. There was a marked improvement in 
students' understandings of a circuit (Propositions I ,  2 and 3 ). The ::itudcnts 
demonstrated a much improved understanding of where the joins needed to be in a 
circuit (Proposition 3) and that components  not in a circuit do not have an electric 
current (Proposition 1 ). However, Proposition 2 (the amount of electric current in any 
part of a circuit is the same) was less well understood. Electric current tra\·els in one 
direction through a circuit (Proposition 5) showed a substantial improvement. 
100 
90 
BO 
70 
Mean 60 
Score 50 
% 40 
30 
20 
10  
0 
1 2 3 
:J 
] J 
4 5 6 
Propositions 
7 8 
CPretest 
aPosttest 
Figure 9.1 .  Graph showing class mean percentage scores on pre and posttcsts by 
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Another area with improved scores was that of tl1c effect of batteries in series on globes 
(Proposition 7). although the understanding of the differing effects or batteries in scrics 
and parallel was less ,vcll undcrstood. The remaining propositions all showed a modest 
improvement. For all of the propositions the pn.:tcst scores wcn.: low and there was 
ample scope for improvement (Figure 9 . 1  ) .  
Pre and Posttcst Results for the Focus Group 
The Focus Group students demonstrated varying levels of understanding in tile 
electricity pretest with Ann gaining the highest score in the class, ! 9 from a maximum 
score of59; and Pat scoring equal lowest in the class with a score of three. All students 
showed an in1provcmcnt in the posttest with Sue showing a substantial increase. Pat an<l 
Bob who started with low scores both showed a reasonable improvement; and Ann, who 
had a comparatively high pretest score, and Jon showed the least improvement although 
i t  was still reasonable (Figure 9.2). 
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Figure 9.2. Graph showing Focus Group members' percentage scores on pre and post 
tests by proposition 
However, in any topic taught it is difficult to ascertain how much learning has 
occurred in infonnal settings outside the classroom. Sue indicated that she had been 
questioning her father about one aspect of the topic and Ann frequently spoke about an 
uncle who worked for a film that sold electronic equipment and may have had access to 
extra information from that source. Ann also discussed an electronics kit belonging to 
her brother that she was able to use although there is no indication of how much it was 
used. Jon indicated that he also had one of these kits. It is, therefore, not possible to 
assume that all understandings developed came from classroom interactions. 
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All of the Focus Group members showed a greater improvement between the pre 
and posttcst than the mean whole class improvement in total lest score. 
Whole Class Conceptual Changes Between l're and Posttcsts hy Proposition 
Proposition I :  If components have not hccn connected in a t.·ompletc circuit 
there is no electric current in any component. 
Student understandings of Proposition 1 were assessed hy Test Questions I ,  2 
and 3 .  
Table 9 . 1  
Changes Between Pre and Posttests in  Student Conceptions of Flow of Electrical 
Current in Components not in a Circuit (n = 25). 
Change Q l  Q 2  Q J 
Retained scientific choice 14 2 2 
Changed from alternative framework to scientific choice 5 1 1  6 
Changed from no response to scientific choice 0 0 J 
Total students retaining or changing to a scientific choice 19(76%) 13(52%) 1 1 (44°/c,) 
Retained same alternative framework 0 5 5 
Changed from scientific choice to alternative framework 3 0 2 
Changed from one alternative framework to another 3 4 4 
Changed from no response to alternative framework 0 2 3 
Total students retaining or changing to an alternative 
framework 6(24'%) 1 1 (44'Y.,) 14(56"/,,) 
Retained no response or infom1al response 0 0 
Changed from scientific choice to no response or informal response 0 0 0 
Changed from alternative framework to no response or infomrnl 
response 0 0 0 
Total students who retained or changed to no response or 
informal response 0 1(4'Y.,) 0 
Question 1 asked students if there was any electric current in a battery with nothing 
connected to it. In the postlcst 1 9  students made the correct choice, although three 
students changed from a scientific view lo an alternative framework. Question 2 asked if 
there was any electric current in a battery with wires attached that were not connected 
into a circuit and Question 3 asked if there was any electric current in the wires in the 
same situation. Both questions showed an increase the number of students making a 
scientific choice, although there was still a large group who had a non-scientific 
understandings (Table 9 . 1  ), with many of these considering that once wires were 
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attacht.xl to the battery thcre was an electric current. Six students who made an incorrect 
choice did not offer an understandabk explanation. 
The level of explanation provided by the students in the posttcsts showed some 
improvement, particularly for Question I ,  with the class nH:an for the proposition only 
increasing from 1 .2  to 4.4 where the total possible score was 12. 
Proposition 2: The amount of electric current in any part of a circuit will he 
the same. 
Students' understanding of this proposition was assessed by Test Questions 5 
and 1 0. 
Table 9.2 
Changes Between Pre and Posttests in Student Conceptions of  the Amount of Electric 
Current in Any Part ofa Circuit (n = 25) 
Change 
Retained scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same altemative framework 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an altcrnati\'C framework 
Retained no response or infom1a\ response 
Changed from scientific choice to no response or informal response 
Changed from alternative framework to no response or infonna\ response 
Total students who retained or changed to no response or informal 
response 
Q S  Q 10  
6 2 
8 9 
0 
14(56%) 12(48%) 
J 
2 J 
4 6 
I 0(40'X,) 1 1 (44%) 
0 0 
0 
1(4%) 2(8'Xi) 
When responding to Question 5, which asked students to decide how much electric 
current was in each of  three batteries in a torch, 1 4  students made a scientific choice on 
the posttest (Table 9.2) although eight of these responses did not have adequate 
explanations which would indicate that the concept was not well understood: 
IF4 
IM/3 
All hatteries do have the same cwTCJlf 
They woulcl all have the same (1111011111 of electricity othcr11·1�'ic it would go 
hright, dimmer, bright 
242 
Three students offered idiosyncratic explanations, three made an incorrect choicl! 
but did nol offer understandable explanations and four felt that the current built up as it 
passed from ballery to battery resulting i n  the battery closest lo the glohc having the 
most energy. The posttest responses to Question 10, which asked students to decide 
how much electric current was in each of the wires in a simple circuit, showed 1 2  
students making a scientific choice (Table 9.2), allhough five o f  these did not offer 
adequate explanations and a further four offered very limited explanations: 
1 kl 14 The same a11io1111t of current goes through the wires 
1 F26 It goes around i11 circles 
Six students offered idiosyncratic explanations, two considered the electric 
current was used up in the globe and the remaining three each gave differing 
explanations. 
The class mean increased from 1 . 1 2  to 2.08 out ofa possible score of eight 
indicating a lack of understanding by many students. 
Proposition 3: Joins in a circuit consisting of wires, batteries and globes 
need to be at specific points on the batteries and globes to result in a working 
circuit. 
Students' understanding of this proposition was assessed by Test Questions 7a 
and 7b which asked them to identify circuits that were joined correctly and would allow 
the globe to light. Eighteen students demonstrated a scientific understanding in the 
posttest, with eight offering reasonable explanations and the remaining I O showing 
limited but developing understanding (Table 9.3). 
Three of the students with alternative frameworks did not consider that, when 
the globe was connected directly to the positive tcnninal of the battery, the globe would 
work. 
The class mean increased from 0.44 to 3.24 out ofa possible score of seven 
indicating some improvement in understanding. 
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Table 9.3 
Changes Between Pre and Posttcsts in Student Conct:plions ofCompletl! Working 
Circuits: Position of.loins in a Circuit (n = 25) 
Change 
Retained scientific chnicc 
Changed from alternative framework to scicn!ilic chi,icc 
Changed from no response lo scientific choice 
Total students retaining or changing to a scicntilic choke 
Retained same alternative frnmcwork 
Changed from scientific choice to altcmati\'e framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative framework 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from alternative framework to no response or informal response 
Total students who retained or changed to no response or informal 
response 
() 7.i 
4 
1 3  
18(72'Y.,) 
() 
() 
6 
0 
6(24%) 
0 
0 
1(4%) 
() 7h 
3 
14 
18(72'1.,) 
() 
5 
0 
6(24'Y.,) 
0 
0 
1 (4'Y.,) 
Proposition 4: \Vhen a circuit is connected and a globe is lit there is an 
electric current through all parts of the circuit including the battery. 
Student understanding of this proposition was assessed by Test Questions 4 and 
1 1 .  Question 4 asked whether there was any cutTcnt through the three batteries in a 
torch, and Question 1 1  asked if  there was any current in  a battery in a simple circuit. In  
the pretest 20 students made the correct choice for Question 4 although their 
explanations were limited: 
IF4 
IM/3 
Yes, or else the torch would11 't work 
Because the batteries are joined together 
On the posttest, 23 students considered there was an electric cuffent through the 
batteries in a torch although the level of understanding was still poor (Table 9.4). Five 
students offered an explanation which indicated some scicnlilic understanding: 
IF2 
IM7 
They form a circuit and the electrical c11rre1/t ea 11 jloll' from 11ega1 il'e to 
positive. 
Because the electrons are flowing through the hatte1y 
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Eight showed a developing hut limited understanding and I O students gave similar 
answers to the pretest examples, indicating that there must be a current because the 
torch was working. 
Table 9.4 
Changes Between Pre and Posttcsts in Student Conceptions or Current Flow in a Battcry 
in an Electric Circuit (n = 25) 
Change 0 4  Q J J  
Retained scientific choice 
Changed from a limited explanation to a richer scientific explanation 
Changed from no response to scientific choice 
20 
3 
0 
9 
4 
2 
Total students retaining or changing to a scientific choice 
Retained same limited explanation 
23(92'!/o) 1 5(60%) 
Changed from scientific choice to a limited explanation 
Changed from one limited explanation to another 
Changed from no response to a limited explanation 
0 
0 
0 
3 
2 
Total students retaining or changing to a limited understanding 
Retained no response or infonnal response 
1(4%) 7(28%) 
0 
0 
Changed from scientific choice to no response or infonnal response 
Changed from a limited explanation to no response or infonnal response 
Total students who retained or changed to no response or informal 
response 1(4'!1.,) 3(12%) 
N.B. None of the students had any alternative frameworks 
On the pretest, nine students made the correct choice for Question 1 1  offering 
limited explanations: 
JMJ2 
JFJ 
If the batte,y had no electric current the globe wouldn 't work 
Because othe,wise the globe wouldn 't light 
In the posttest, 1 5  students considered that the battery in  a simple circuit had 
electric current through it (Table 9.4). Four students offered an explanation which 
indicated some scicnti fie understanding: 
JF2 
JF20 
Because it is afi1/l circuit and the current r1111s thro11gh the ha1If'1:r 
All the power is comi11gfro111 and flowing thro11gh the hat1e1y 
Four showed a developing but limited understanding. There was no consistency in the 
explanations the remaining students offered, with three not attempting an explanation. 
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The c!.1ss mean increased from 1 .52 to 3.04 out of a possible.: score of cight 
indicating some improvement in understanding. 1-lowcvcr, the di fforcnt answers to 
similar questions in the test indicate that the understanding was limited. 
Proposition 5: Electric current travels in one direction through a circuit. 
The students' understanding of this proposition was assessed by Test Question 9 
which asked students to show the direction of current flow on a circuit diagram. 
On the posttest, responses from 1 3  students indicated a circuit view and that 
current flows from negative to positive (Table 9.5) with nine of these offering a 
reasonable explanation and three demonstrating some understanding. Two students 
responded that electric current came from both ends of the battery (bi�po!ar view) and 
one other stated i t  only came from one end of the battery (uni�polar view). Seven 
students with alternative frameworks considered that the current flowed from positive to 
negative, although two omitted to provide any explanations. The remaining students' 
explanations were of a low level usually just stating that the current flowed from 
positive to negative. However, the responses indicate that most students had adopted a 
circuit view of electric current flow. 
Table 9.5 
Changes Between Pre and Posttests in Student Conceptions of Direction of Current 
Flow in an Electric Circuit (n = 25) 
Change 
Retained scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative framework 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from alternative framework to no response or informal response 
Total students who retained or changed to no rcspomc or informal response 
Note: a No student gave a scienti fie answer on the pretest. 
Q 9  
9 
4 
13(52%) 
2 
O' 
4 
4 
10(.t0°A,) 
NIA 
2(8'X,) 
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The class mean increased from 0.04 to 1 .44 out of' a possibll! score of four 
indicating that, allhough there was an improvcmcnt, thc understanding was still limit<.:d. 
Proposition 6: Some materials allow electricity to flow through them. 
Understanding of this proposition was assessed by Test Question 8 which asked 
students to select the working circuit out of one containing a conductor and one with an 
insulator. I n  the posttcst all the students made a scientific choice (Table 9.6) although 
the level or explanation was not very high: 
/Ml A will 1wt light hecause it has some woodjoi11i11g to the wire. B will fight 
11p because it has a nail jd11i11g 011 
llvf24 Electricity circulates through metal easier 
The class mean increased from 1 .64 to 2.32 out of a possible score of four 
indicating that there was some improvement in understanding. 
Table 9.6 
Changes Between Pre and Posttcsts in Student Conceptions of Materials that Will Allow 
the Flow of Electric Current (n � 25) 
Change 
Retained scientific choice 
Changed from altemative framework to scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to a!tcmative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing lo an alternative framework 
Retained no response or informal response 
Changed from scientific choice to no response or infomml response 
Changed from alternative framework to no respon�c or infom1al response 
Total students who retained or changed to no response or  informal response 
Q 8  
1 9  
j 
25(100'1'•) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Pro11osition 7a: \Vhcu scvcrnl batteries arc connected in se:rics, current flow will be greater than with a single battery. Proposition 7h: If  the tntal voltage of the batteries is greater than the voltage rating of the globe, the globe may blow; if it is less the globe will he very dim. Proposition 7c: \Vhcn several globes arc connected in series the voltage available is divided amongst the globes and the globes appear dimmer than i f  connected in  parallel. 
This proposition was assessed by Test Questions 6a and 6b, which asked what 
would happen if a 1 .3 volt or a 6 volt globe was put in a torch that nonna!ly has a 4.5 
volt globe, and Question 1 2, which compared the brightness of a globe when two 
batteries were connected in series or parallel. Nineteen students responded correctly to 
Question 6a (Table 9.7), with 1 6  offering reasonable explanations: 
IMl2 
/FIB 
It would blow because the poiver is too much for the globe to handle 
The globe would blow because there is too much electricity going 
through the globe so it will blow 
Twenty students responded correctly to Question 6b (Table 9.7) again with a 
high number ( 16) of good explanations: 
It would not be as bright - not enough elec1rici1y 11Yf23 
JMJ2 It would go dull because there isn 't enough energy for 1he globe to ll'ork 
The students who had altemiltive frameworks still considered that a l .5 Yolt 
globe would not be as bright when put in  the torch and that the 6 volt globe would be 
brighter. 
The responses to Question 1 2  (Table 9.7) indicated that the difference between 
batteries i n  series and parallel was not as well understood with only 1 1  students making 
the correct choice and with eight giving inadequate explanations. 
IF I Because we tried it i11 class 
I M9 Because the batteries help each other out 
Of the 1 3  students with alternative frameworks, three held idiosyncratic, Pon­
scientific understandmgs. A further four students considered that a parallel circuit \\'O'lid 
have a brighter globe than a series circuit. There was no consistency in the remaining 
responses. 
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Table 9.7 
Changes Between Pre and Posttcsts in Slmlcnt Conceptions of the Effects of Connecting 
Batteries in Series (n = 25) 
Ch,mgc Q 6a 0 6b Q 1 2  
Retainrd scientific choice 3 4 5 
Changed from alternative framework to scientific choice ! 4  1 4  5 
Changed from no response to scientific choice 2 2 
Total students retaining or changing to a scicnt• .,oicc 19(76'1.,) 20(80'1.,) 1 1 (44'V.>) 
Retained same altmiativc frnmcwork 2 4 
Changed from scientific choice to alternative framework \) \) 3 
Changed from one alternative framework to another 3 3 
Changed from no response to alternative framework 0 2 3 
Total students retaining or changing to an alternative 
framework 5(20'Yt,) 4(16%) 13(52%) 
Retained no response or informal response 0 0 
Changed from scientific choice to no response or infonnal response 0 () 0 
Changed from alternative framework to no response or infonnal 
response 0 0 0 
Total students who retained or changed to no response or 
informal response 0 0 1(-t0A,) 
The class mean increased from 0.92 to 5.48 out ofa possible score of 1 2. 
demonstrating a reasonable improvement in understanding. However. this was mainly 
related to the relationship between globe and battery voltages. 
Proposition Sa. When several batteries are connected in parallel, the 
current flow is the same as that for a single battery and the current will operate for 
longer than when the batteries are connected in series. 
Proposition Sb. When several globes are connected in parallel the voltage is 
applied equally to all  the globes and they appear brighter than if connected in 
series. 
Test Question 1 3  assessed students' understanding of circuits that contained 
batteries in parallel and asked whether a circuit with two batteries in series or two 
batteries in parallel would allow the globe to shine for the longer time. 
Fourteen students responded concctly in the posttcst (Table 9.8) although the 
understanding demonstrated in the explanations was poor: 
/FI It has more backup 
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IM7 The two batteries are co1111ected the same 
A high proportion of students, five, made either no response or a response that 
was not understandable. The six students with alternative frameworks showed 110 pattern 
in their responses. 
Table 9.8 
Changes Between Pre and Posttcsts in Student Conceptions of the Effects Connecting 
Batteries in Parallel (n = 25) 
Change 
Retained scientific choice 
Changed from alternative franmvork to scientific choice 
Changed from no response to scientific choice 
Total students rets.ining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative framework 
Retained no response or informal response 
Changed from scientific choice to no response or infonnal response 
Changed from alternative framcwork to no response or informal response 
Q 1 3  
2 
6 
6 
14(56%,) 
2 
2 
6(24'Yo) 
4 
0 
Total students who retained or changed to no response or informal response 5(20'Yo) 
The class mean increased from 0.28 to 1 . 1 2  out of a possible score of four 
indicating some improvement in understanding although the score was still very low. 
Ms Brown's Class 
Pre and Postles! Results for the \Vhole Class 
All the students in the class completed the pre and posttcst. This class showed an 
improvement in understanding of all propositions and the mean test score increased 
from 1 1  on the pretest to 20.81 on the posttest, out of a maximum possible score of 59. 
The improvement of understanding of propositions varied with the least improved 
understanding being for Proposition 5, electric current travels in  one direction through a 
circuit, and Proposition 2, the amount of electric current in any part of a circuit is the 
same. The s .dents improved their understanding of Proposition l ,  components need to  
be in a complete circuit and there was some improvement in  their understanding of  
where joins need to  be in a circuit (Proposition 3). 
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Figure 9.3. Graph showing class mean percentage scores on pre and posttcsts by 
proposition 
The students demonstrated a substantial improvement in their understandings of series 
circuits (Proposition 7) with slightly less improvement in their understanding of 
Proposition 5, materials that would allow a flow of electric current and of Proposition 8, 
parallel circuits (Figure 9.3). 
Pre and Posttest Results for the Focus Group 
The Focus Group students demonstrated varying levels of understanding in the 
electricity pretest with Neil gaining the second highest score in the class, 20 from a 
maximum score of 59; and Tina scoring lowest in the class with a score of two. 
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Figure 9.4. Graph showing Focus Group members' percentage scores on pre and 
posttests by proposition 
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All students showed an improvement in the posttcst with tht: gain in scores bc.:ing highcr 
than that of the class mean. Neil and Tina had a slightly higher increase in scores than 
Ryan and Katy (Figmc 9.4). 
\Vhole Class Conceptual Changes between Pre and Posttcsts by Proposition 
Proposition 1 :  If components have not been connected in a complete circuit 
there is no electric current in any coml)oncnt. 
Students' understanding of Proposition 1 was assessed by Test Questions 1 ,  2 
and 3 (Table 9.9). 
Table 9.9. 
Changes Between Pre and Posttests in Students Conceptions of Flow of Electrical 
Current i n  Components Not in a Circuit (n = 32) 
Change 
Retained scientific clmice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative 
framework 
Retained no response or infomtal response 
Changed from scientific choice to no response or informal response 
Changed from alternative framework to no response or informal 
response 
Total students who retained or changed to no response or 
informal response 
Q I  
14 
7 
2 
23(72%) 
2 
2 
Q 2  
6 
8 
2 
16(50%) 
4 
4 
4 
3 
Q J 
6 
6 
2 
14(44%) 
5 
6 
7 
0 
6(19%) 15(47%,) 1 8(56'Yo) 
0 
0 0 
0 0 
3(9%) 0 
Question 1 asked students if  there was any electric current in a battery with 
nothing connected to it. In the posttest 23 students made the conect choice, with one 
student changing from a scientific view to an alternative framework. Question 2 asked if 
there was any electric current in a battery with wires attached that were not connected 
into a circuit and Question 3 asked if  there was any elcctrii; cmTcnt i n  the wires in the 
same situation. Both questions showed an increase in the number of students making a 
scientific choice, although there were still many who had a non-scientific conception, 
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with most of these considering that once wires were attached to the battery there was an 
electric current (Table 9.9). 
However, the level or explanation provided by the students did not improve 
substantially with the class mean for the proposition only increasing from 2.5 to 4.h of a 
total possible score of 12 .  
Proposition 2: The amount of electric current in any part of a circuit will he 
the same. 
Students' understanding of this proposition was assessed by Test Questions 5 
and I 0. When responding to Question 5 in the posttcst, which asked students to decide 
how much electric current was in each of three batteries in a torch, 1 6  students made a 
scientific choice (Table 9. 1 0) although the explanations were generally of  a low level 
indicating poor understanding of the concept: 
2M37 
IF57 
Table 9. IO 
It wi!i work best because all of the batteries are the same 
Because the electricity goes until it runs out 
Changes Between Pre and Posttests in Student Conceptions of  the Amount of Electric 
Current in Any Part ofa Circuit (n - 32) 
Change 
Retained scientific choice 
Changed from an a lternative framework to a scientific choice 
Changed from no respome to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to an alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative framework 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from an alternative framework to no response or informal response 
Total students who retained or changed to no response or informal 
response 
Q 5  
s 
8 
0 
1 6(50°/.,) 
9 
J 
J 
16(501%) 
0 
0 
0 
0 
Q 10 
7 
7 
1 5(47':,q 
4 
5 
6 
1 6(50%) 
0 
0 
1(3'X,) 
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Most students with allcmativc frameworks consi<lcn.:d that the electric current 
built up as it passed through the torch with one of the cn<l batteries therefore having 
more current. 
The responses to Question 10 in the postlest, which asked students to decide 
how much electric current was in  each of the wires in a simple circuit, showed 15 
students making a scientific choice (Table 9.10), with six of these offering reasonable 
explanations: 
2M43 
2F50 
Because lhe electricity flows evenly in the baue,y, wire and globes 
Because the electric current goes round in a circle lo the light and hack 
to the baltel}' 
A further five of these did not offer adequate explanations with another four 
offering very limited explanations. 
There was no consistency in the explanations offered where students had 
alternative frameworks. 
The class mean increased from 1 . 1 6  to 2.0 out of a possible score of eight 
indicating a lack of understanding by many students. 
Proposition 3 :  Joi1 • ., in a circuit consisting of wires, batteries and globes 
need to be at specific points on the batteries and globes to result in a working 
circuit. 
Students' understanding of this proposition was assessed by Test Questions 7a 
and 7b which asked them to identify circuits that were joined correctly and would allow 
the globe to light. Nine students demonstrated a scientific understanding in  the posttest 
(Table 9. 1 1  ), with six offering reasonable explanations and two others showing a 
limited but developing understanding. 
Sixteen of the students with alternative frameworks considered that the 
connections to the globe could be anywhere on the globe .  During the lesson which 
considered the connections in a circuit, Ms Brown did not  refer to the globe joins. Three 
other students considered that a globe attached directly to the battery would not work 
The class mean increased from 0. 72 to 1 .66 out o f  a possible score of seven 
demonstrating the limited understanding held by  most students. 
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Table 9 . 1 1 
Changes Between Pre and Postll.:sts in Student Conceptions of Complete Working 
Circuits: Position o f  Joins in a Circuit (n = 32) 
Change 
Rctaim:d sckntific choice 
Changed from alternative framework to sdcntifk choke 
Changed from no response to scientific choice 
Q 7a 
3 
(, 
/J 
(J 7b 
3 
I, 
/J 
Total students retaining or clwuging to a scientific chuicc 
Retained saml.' alternative framework 
9(28'X,) 9(28%,) 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
6 
2 
14 
0 
(, 
2 
14 
/J 
Total students retaining or changing to an  altcrnati\'C framework 
Retained no response or infonnal response 
22(69'Yu) 22(69°/,,) 
0 0 
() 0 
Changed from scientific choice to no response or informal response 
Changed from alternativ� framework to no response or informal response 
Total students who retained or changed to no response or informal 
response I (3'X,) 1 (3'/c,) 
Proposition 4: \Vhen a circuit is connected and a globe is lit there is an 
electric current through all parts of the circuit including the battery. 
Students' understanding of this proposition \Vas assessed by Test Questions 4 
and 1 1 . Question 4 asked whether there was any current through the three batteries in a 
torch, and Question 1 1  asked if there was any current in a ba\1ery in a simple circuit. In 
the pretest all 32 students made the correct choice for Question 4 although all the 
explanations were limited: 
2M38 
2F49 
Because the batteries are turned 011 and making somet!ting work 
There has to be/or the light to shine 
On the posttest, the students still all made the scientific choice (Table 9 . 1 2). 
Many explanations were still limited and no students offered explanations which 
indicated a scientific understanding, although 1 3  demonstrated a limited but developing 
understanding: 
2M35 
2F40 
It is rwmi11gfrom t!tefirst baaery to the second to the third and illfo the 
globe to make it work 
The electric current is passi11gfro111 + to - to + lo - to + 
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A further 1 2  students gave similar answers to the pretest examples, indicating that there 
must bi.: a current because the torch was working. 
On the pretest, 1 5  students made the correct choice for Question 1 1  offoring 
limited explanations: 
IM/J 
2M37 
If the hattel)' fwd ,w electric current the glohe wou/d11 't work 
Because ifyou don 't have a11 electric current in the ba1te1:v the li1;ht 
\\'Oil 't go 
In the posttcst, 25 students considered that the battery in a simple circuit had 
electric current through i t  (Table 9.12). Five students offered an explanation which 
indicated some scientific understanding: 
2F40 
2M52 
Because the electric current passes through that to pick up the rnergy 
The current flows through the wires, back to the bal/e1y a11d flows 
straight through and out again 
Table 9.12 
Changes Between Pre and Posttests in Student Conceptions of Current Flow in a Batte!)' 
in an Electrical Circuit (n - 32) 
Change 
Retained scientific choice 
Changed from a limited explanation to a scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same limited explanation 
Changed from scientific choice to a limited expianation 
Changed from one limited explanation to another 
Changed from no response to a limited explanation 
Total students retaining or changing to a limited cxplami.tion 
Retained no response or informal response 
Changed from scientific choice to no response or infomml response 
Changed from a limited explanation to no response or informal response 
Total students who retained or changed to no response or inform:11 
response 
Q 4  
32 
0 
0 
32(100°/,,) 
0 
() 
0 
0 
0 
0 
0 
0 
0 
N.B. Non':'. of the students had any alternative frameworks for Question 4 
Q l l  
1 5  
6 
4 
25(78'Vo) 
0 
3 
3 
7(22'!1.,) 
0 
() 
0 
0 
Fifteen students showed a developit,g but limited understanding with I O of these 
offering similar answers to the examples given for the pretest. There was no consistency 
in the explanations provided by the students with alternative frameworks. 
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The class mean increased from 2.06 to 3.0(i out of :.i possible score of eight 
indicating a small improvement in understanding. The di fferences in answers to two 
similar questions indicate that the understanding was limited. 
P1·opositio11 5: Ell!ctric current travels in one direction through a circuit. 
fhc students' understanding of this proposition was assessed by Test Question 9 
which asked students to show the direction of cuJTcnt flow 0n a circuit diagram. On thr.: 
posttest, seven students indicated a circuit view and that current flows from negative to 
positive (Table 9 . 13)  with three of these offering a reasonable explanation. Six students 
responded that electric current came from both ends of the battery (bi-polar view) and 
1 5  students considered that the current flowed from positive to negative. However, the 
responses indicate that most students had adopted a circuit view of electric current flow. 
The explanations offered by most students with a positive to negative view of current 
flow generally were limited although four included the idea of a circuit. 
Table 9. 1 3  
Changes Between Pre and Posttests i n  Student Conceptions of Direction o f  Current 
Flow in an Electric Circuit (n = 32) 
Change 
Retained scientific choice 
Changed from alternative framework to scic11tific choice 
Changed from no response to scientific choice 
Total students changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one altenrntivc framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative framework 
Retained no response or infomml response 
Changed from scientific choice to no response or informal rcsponsl.' 
Changed from alternative framework to no response or informal response 
Total students who retained or changed to no response or informal response 
Q 9  
0 
6 
7(22'Yo) 
s 
0 
10 
3 
21(66%) 
2 
4(12%) 
The class mean increased from 0.06 to 0.47 out ofa possible score of four 
indicating that the improvement in understanding was very limited. 
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Proposition 6: Some materials allow electricity to flow through them. 
Umkrslamling or this proposition was assessed by Tcst ()ucstion 8 which askcd 
studcn!s to scici:t the working circuit out of one containing a conductor and one with an 
insulator. 
In the posttcst most students, 3 1 ,  made a scienti fic choice (Table 9 . 1 4) showing 
varying levels of understanding in their explanations: 
Wood is ,m insulator 2M31 
2M59 Because wood is not a good co11d11ctor lvhile nails are . . .  the wood stops 
the circuit from being complete 
The class mean increased from 2.25 to 3.0 out of  a possible score of four. 
Although the increase in understanding from the pre to the posttcst was not large, most 
students had a good understanding of the proposition. 
Table 9. 1 4  
Changes Between Pre and Posttests in Student Conceptions of Materials that will Allow 
Electric Current to Flow Through Them (n = 32) 
Change 
Retained scientific choice 
Changed from an alternative framework to a scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to an alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to a limited explanation 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from an alternative framework to no response or informal response 
Total students who retained or changed to no response or informal response 
Q S  
29 
2 
0 
3 1 (97°/r,) 
0 
0 
0 
0 
0 
0 
0 
1(3'X,) 
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Proposition 7a: \Vhcn several batteries arc connected in series, current llow 
will he greater than with a single battery. Proposition 7h: If  the total voltage of the batteries is greater than the voltage rating of the globe, the globe may hlow; if it is less the glohc will he very 
dim. Proposition 7c: \Vhcn several globes arc connected in series the voltage available is divided amongst the globes and the globes appear dimmer than if connected in parallel. 
This proposition was assessed by Test Questions 6a and 6b, which asked what 
would happen if  a 1 .3 volt or a 6 volt globe was put in a torch which normally had a 4.5 
volt globe, and Question 1 2, which compared the brightness ofa  globe when two 
batteries were connected in series and parallel. Twenty-two students responded correctly 
to Question 6a (Table 9. 1 5 ), with 13 offering reasonable explanations: 
Too much energy is going to the globe and the globe can 't handle it 2,\f38 
2F40 It can only take 1.3 volts and if the haueries are giving 4.5 \'olts it will 
blow 
Twenty�six students responded correctly to Question 6b (Table 9 . 1 5 )  with 1 1  
students offering reasonable explanations: 
2F47 it would be more dimmer because there 's 1101 rnough electric current for 
the globe 
2M59 The light would glow dimly because the batteries 011(v give olll 4.5 \'0/ts 
and the 6 volt glohe needs 6 volts 10 glow 
Most students who had alternative frameworks still considered that a I .5 volt 
globe would not be as bright with three batteries and that the 6 volt globe would be 
brighter. 
The responses to Question 1 2  (Table 9 . 1 5 )  i ndicated that the understanding of 
the difference between batteries in series and parallel was not as well understood. 
Sixteen students made the correct choice but only two gave adequate explanations with 
four having explanations that did not agree with their choice of circuit, and the 
remainder offering a variety of answers: 
2F39 Because ii has to be different wires/or the hatte,y tops 
2F49 When we tried it it worked brighter 
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Table 9 . 15  
Changes Between Pre and Posttcsts in Student Concerti ons of the EffCct of  Connecting 
Batteries in Series (n = 32) 
Change 
Rcrnincd scientific choice 
Changed from alternative (i·amework to scicntilk choice 
Changed from no response to scientific choke 
Total students rctainiug or changing to a scientific choice 
Retained same alternative framework 
Changed from scienti fic choice to alternative framework 
Changed from one altern.itive framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to an alternative 
framework 
Retained no response or infonnal response 
Changed from scientific choice to no response or infonnal response 
Changed from alternative framework to no response or informal 
response 
Total students who retained or changed to no response or 
informal response 
Q fo Q (,b () 1 2  
8 1 2  8 
14 14 8 
I) I) I) 
22(69'!!,,) 26(8l 'V.,J 16(50'Y.,) 
J 
I) 4 
4 2 8 
9(28'Vc,) 4(12%) 14(44'Yo) 
0 0 0 
0 0 
2 
1(3%) 2(6%,) 2(6%) 
Of the 1 4  students with alternative frameworks, five held idiosyncratic, non­
scientific understandings. A further two students considered that a parallel circuit would 
have a brighter globe than a series circuit. There was no consistency in the remaining 
responses. 
The class mean increased from 2 . 12  to 4.8 1 out of a possible score of 1 2. The 
improvement in understanding was mainly of the relationship between globe and battery 
voltages. 
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Proposition Sa. \Vhen several haHcrics arc connected in parnllcl, the current now is the same as that for a single battery and the current will operate for longer than ,,·hen the batteries arc connected in series. Proposition 8h. \\'hen several globes arc connected in parallel the voltage is applied equally to all the globes and they appear brighter than if connected in series. 
Tesl Question 1 3  assessed students' understanding of circuits that contained 
batteries in parallel and asked whether a circuit with two batteries in series or two 
batteries in parallel would allow the globe to shine for the longer time. 
Table 9. 1 6  
Changes Between Pre and Posttcsts in Student Conceptions of the Effects of Connecting 
Batteries in Parallel (n - 32) 
Change 
Retained scientific choice 
Changed from an alternative framework to a scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to an alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
Total students retaining or changing to a limited explanation 
Retained no response or infonna! response 
Changed from scientific choice to no response or informal response 
Changed from an alternative framework to no response or informal respons� 
Total students who retained or changed to no response or  informal response 
Q 13 
12  
12  
25(78'Yo) 
' 
2 
6(19 'Y.,) 
0 
0 
1(3°/i,) 
Twenty-five students responded correctly in the posttcst (Table 9. 1 6) although 
the understanding demonstrated in the explanations was poor: 
2M31 
2F49 
Because it is a parallel circuit 
The power is used more economically 
Of the six students with alternative frameworks, two students chose the series 
circuit and stated that it was conncclcd correctly and the remaining four showed no 
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pattern in their responses. The class mean im:rcasc<l from 0.47 to l .<N out of a possible 
score of four indicating lillk improvement in understanding . .  
Mr Carter's Class 
Pre and PosHcst Results for the \Vholc Class 
All the 30 students in thi:: class completed the pre and posttcsts. This class 
showed an improwment in understanding of all propositions and the mean test score 
increased from 1 2.4 on the pretest to 24.8 on the posttcst, out of a maximum score of 59. 
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Figure 9.5. Graph showing class mean percentage scores on pre and posttest by 
proposition 
However, the improvement in score for Proposition 5 referring to the direction 
of current flow, was minimal. This was a proposition where there was minimal 
knowledge at the pretest stage and there was opportunity for improvement. There was a 
marked improvement in the students' understanding of a circuit (Propositions I ,  2 and 
3). The students demonstrated a much improved understanding of where the joins 
needed to be in a circuit (Proposition 3) and that components not in a circuit did not 
have an electric current (Proposition I ). Their understanding that the amount of current 
anywhere in a circuit is the same also showed some improvement (Proposition 2). They 
demonstrated an improved understanding of Proposition 4, that there is an electric 
current through all parts ofa circuit, and of Proposition 6, materials that would allow the 
flow of electric current. They also showed a better understanding of series circuits 
although there was a much smaller improvement in their understanding of parallel 
circuits (Figure 9-5), 
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Pre and Posttcst Results for the Focus group 
The students showed varying levels ofumlerstanding in the pretest. Out ofa 
class of 30 students, Colin was eighth in the class with a score of 16 from a maximum 
score of  59; and Linda was twenty-ninlh with a score of three. 
All students shorted an improvement from the pretest to the posttest with Colin 
showing the least improvement from 16 to 2 1 ,  and Helen showing the most, from seven 
to 27. She was the only student in the group to score above the class mean (Figure 9.6). 
However, some of the Focus Group members' understandings were unstable, and 
changed either between the posttest and the interview or during the interview. 
100 �-------------------il!IPretest 
90 B Posttest 
80 
70 
Percentage 60 
mean 50 
score 40 
30 
20 
10  
0 
Class mean Colin 
Participants 
Figure 9.6. Graph showing Focus Group members' percentage scores on pre and 
posttests by proposition 
Whole Class Conceptual Changes between Pre and Posttcsts by Proposition 
Proposition 1 :  If components have not been connected in a complete circuit 
there is no electric current. in any component. 
Student conceptions of Proposition 1 were assessed by Test Questions 1 ,  2 and 
3. Question 1 asked students if there was any electric current in a battery with nothing 
connected to it. In the posttest 28 students made the correct choice, with one student 
changing from a scientific view to an alternative framework. Question 2 asked if there 
was any electric current in a battery with wires attached that were not connected into a 
circuit and Question 3 asked if there was any electric current in the wires in the same 
situation. Both questions showed a substantial increase in the number of students 
making a scientific choice, with most of those making a nonMscientific choice 
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considering that once wires were attached to the battery there was an electric current 
(Table 9 . 17). 
The level of explanation provided by students demonstrated an improved 
understanding of the proposition and the class mean for the proposition increased from 
3.7 to 6.7 out ofa total possible score of 12. Howevc.r, the responses from the Focus 
Group showed a lack of stability and may indicate that the learning was limited. 
Table 9. 1 7  
Changes Between Pre and Posttests in Student Conceptions of Flow of Electrical 
Current in Components Not i n  a Circuit (n = 30). 
Change 
Retai;,.ed scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Q I  
19 
5 
4 
Q 2  
12 
8 
2 
Q l  
1 4  
5 
2 
Total students retaining or changing lo a scientific choice 
Retained same alternative framework 
28(93'�1) 
0 
22(73%) 21(70%) 
5 3 
0 5 
0 0 
0 2 0 
Changed from scientific rhoice to alternative framework 
Chansed from one alten.·ative frame\\·ork to another 
Changed from no response \V alternative framework 
Total students retaining or changing to an alternative 
framework 2(7%) 
0 
7(23°/,,) 8(27%) 
Retained no response or informal response 
Changed from scientific choice to no response or inforn1a\ response 
Changed from alternative framework to no response or informal 
response 
Total students who retained or changed lo no response or 
informal response 
0 
0 
0 
0 
0 0 
0 
(3%) 
Responses provided by the Focus Group students on the posttests and interviews 
showed uncertainty and inconsistency, and demonstrated little real understanding of the 
need for a complete circuit to allow electric current to flow (Table 9. 1 8). 
All the Focus Group students changed their answers to at least one of the 
questions between the posttest and the interview. 
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Table 9. 1 8  
A Comparison of Focus Group Student Choices for Questions I ,  2 and 3 between the 
Posttest and Interview 
Colin Helen Geof
f 
Lindo 
Question Posttest Interview Posttcst Interview Posttcst Interview Posl\cst lnlcr�·icw 
number 
No No No No No Unsure No No 
2 No Yes No Yes Yes Yes Yes No 
J Yes Yes No Yes Yes Unsure Yes Unsure 
Proposition 2: The amount of electric current in any part of a circuit ,·11ill be 
the same. 
Students' understanding of this proposition was assessed by Test Questions 5 
and 10. When responding to Question 5, which asked students to decide how much 
electric current was in each of three batteries in a torch, 1 5  students made a scientific 
choice (Table 9.19) although 1 2  of these responses did not have adequate explanations 
which indicates that the concept was not well understood: 
1 F4 Alf batteries do have the same current 
3F93 I think all of the batteries have the same a11101111t or else it would11 't work 
as well 
Most students with alternative frameworks considered the electric current built 
up in the battery closest to the globe. 
The responses to Question I 0, which asked students to decide how much electric 
current was in each of the wires in a simple circuit, showed 2 1  students making a 
scientific choice (Table 9. 19), although only three offered reasonable  explanations. Four 
students who made the correct choice had a bi-polar view of current !low which would 
result in them making their choice for the wrong reasons. There was obviously a lack or 
understanding with nine of the students who made the concct choice indicating that 
their choice was made because they felt it was right, or that it had been shown in the 
class activities. 
3F69 
3M70 
It explains what I think will go 011 
It has to be an eve11 m1101111t qf electricity 
The students who had allcmativc frameworks for this question showed no 
consistency in their answers. 
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The cl;:iss mean increased from 1 .07 to 2.07 out or a possible score of eight 
indicating a lack or understanding by many stu<lcnts. 
Table 9 . 19 
Changes Between Pre and Posttests in Student Conceptions of the Amount of Electric 
Currenl in Any Part of a Circuit (n - 30) 
Change Q S  Q J O  
Retained scientific choice 
Changed from an alternative framework to a scientific choice 
Changed from no response to scientific choice 
J O  
4 
4 
1 1  
6 
Total students retaining or changing to a scientific choice 
Retained same alternative framework 
15(50'Yo) 21 (70'XJ) 
Changed from scientific choice to an alternative framework 
Changed from one alternative framework to anothe1 
Changed from no response to alternative framework 
9 
3 
3 
0 
2 
2 
2 
3 
Total students retaining or changing to an alternative framework 
Retained no response or infom1al response 
1 5(50%) 9{30'X1) 
Changed from scientific choice to no response or informal response 
Changed from an alternative framework 10 no response or informal response 
Total students who retained or changed to no response or informal 
response 
0 
0 
0 
0 
0 
0 
0 
0 
Proposition 3 :  Joins in a circuit consisting of wires, batteries and globes 
need to be at specific points on the batteries and globes to result in a working 
circuit. 
Students' understanding of this proposition was assessed by Test Questions 7a 
and 7b which asked them to identify circuits that were joined correctly and would a!!ow 
the globe to light. 
Nineteen students demonstrated a scientific understanding in the posttcst (Table 
9.20), with 12 offering reasonable explanations and the remaining seven showing 
limited but developing understandings. 
Six of the students with a\temativc frameworks considered that the connections 
to the globe could be anywhere on the globe, and two consi<lcred that a glohc attached 
directly to the battery woul<l not work. 
The class mean increased from 0.9 lo 2.43 out of a possible score of seven 
demonstrating a limited improvement in understanding. 
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Table 9.20 
Changes Between Pre and Posttcsts in Slue.lent Conceptions of Complete Working 
Circuits: Position of Joins in a Circuit (n = 30) 
Change Q 7a Q 7h 
Retained scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
5 
1 3  
5 
1 3  
Total students retaining or changing t o  a scientific choice 
Retained sume alternative framework 
19(63'Vo) 19(63°/i,) 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative framework 
5 
4 
5 
4 
Total students retaining or changing to an altcrnath·c framework 
Retained no response or informal response 
1 1  (37%) 11(37%) 
Changed from scientific choice to no response or informal response 
Changed from altema!ive framework to no response or informal response 
Total students n:ho retained or changed to no response or informal 
response 
0 
0 
0 
0 
Proposition 4: \Vhen a circuit is connected and a globe is lit there is an 
electric current through all parts of the circuit including the battery. 
0 
0 
0 
0 
Student understanding of this proposition was assessed by Test Questions 4 and 
1 1 .  Question 4 asked whether there was any current through the three batteries in a 
torch, and Question 1 1  asked if there was any current in a battery in a simple circuit .  In 
the pretest 28 students made the correct choice for Question 4 with three offering a 
reasonable explanation. However, the remaining explanations were limited: 
2F68 Because the globe is glowing 
3M83 There has to get the electricity to light t!te globe 
On the posttcst, 29 students made the scientific choice (Table 9.2 1 ) .  Seven 
students offered explanations which indicated some scienti fie understanding, and 1 0  
demonstrated a limited but developing understanding: 
3M65 
3F75 
Because all the batteries arejoi11cd together 
Because the negative and positive ends are touchi11g 
A further 12 students gave similar answers to the pretest examples, indicating that there 
must be a current because the torch was working. 
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On the pretest, 1 2  students made the correct choice for Question 1 1  (Tahlc 9.2 1 )  
with two having a scientific view and the others offering limited explanations: 
3F66 
3M86 
Because otherwise the globe would not light up 
Because the light is still going 
In  the posttest, 24 students considered that the battery in a simple circuit had 
electric current through it. Six students now offered an explanation which indicated 
some scientific understanding: 
Because !here is a complete circuit JF80 
3M86 Because in a circuit tire curre11tjlowsfrom the battery1, around the wires, 
and back through the batte,y 
Four students showed a developing but limited understanding and six students offered 
similar answers to those given i n  the pretest. There was no consistency in the 
explanations offered by the remaining students. 
Table 9.2 1 
Changes Between Pre and Posttests in Student Conceptions of Current Flow in a Battery 
i n  an Electrical Circuit (n - 30) 
Change 
Retained scientific choice 
Changed from a limited explanation to a scientific choice 
Changed from no response to scientific choice 
Total students retaining or changing to a scientific choice 
Retained same limited explanation 
Changed from scientific choice to a limited explanation 
Changed from one limited explanation to another 
Changed from no response lo alternative framework 
Total students retaining or changing to a limited explanation 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from a limited explanation to no response or informal response 
Total students who retained or changed to no response 01· informal 
response 
N.B. None of the students had any alternative frameworks 
Q 4  Q I ! 
28 
[, 
12 
5 
7 
29(97'X,) 24(80%) 
0 2 
0 2 
0 0 
0 2 
1(3°1.1) 6(20'Yo) 
0 0 
0 0 
0 
0 0 
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The class mean increased from 2.07 lo 3.77 oul ofa possible score ofeighl 
indicaling a small improvcmcnl in underslanding. However, several students offered 
differing responses lo the two similar questions, which may indicate that the 
underslanding was limited. 
Proposition 5: Electric current travels in one direction through a circuit. 
The students' understanding of this proposition was assessed by Test Question 9 
which asked students to show the direction ofeurrent flow on a circuit diagram. On the 
posttest, only three students indicated a circuit view and that current flows from 
negative to positive (Table 9.22) with only one of these offering a reasonable 
explanation. Fourteen students considered that the current flowed from positive to 
negative reflecting Mr Carter's own current flow view. Three students responded that 
electric current came from both ends of the battery (bi-polar view). However, the 
responses indicate that most students had adopted a circuit view of electric current flow. 
The explanations offered by most students with a positive to negative view of current 
flow were generally limited: 
3M67 
31YI74 
Table 9.22 
Electricity travels from + to -
Positive gives power negative does not 
Changes Between Pre and Posttests in Student Conceptions of Direction of Current 
Flow in an Electric Circuit (n = 30) 
Change 
Retained scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Total students changing to a scicntilk choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one alternative framework to another 
Changed from no response to alternative fra mework 
Total students retaining or changing lo an altcrnalive framework 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from alternative frarncwmk tn nn response or informal rc:;pm1se 
Total students who retained or changed lo no response or iufornrnl rcspomc 
Q 9  
N/A 
3 
0 
3(10%) 
5 
14 
7 
27(90'V.1) 
0 
NIA 
1(3'%) 
269 
The class mean increased from 0.03 to 0. 1 0  out of  a possible score of" !Our 
indicating that there was minimal improvement in understanding. 
Proposition 6: Some materials allow electricity to flow through them. 
Understanding of this proposition was assessed by Test Question 8 which asked 
students to select the working circuit out of' one containing a conductor and one with an 
insulator. I n  the posttest all students made a scientific choice (Table 9.23) showing 
varying levels of understanding in their explanations: 
3F73 
3F80 
Table 9.23 
Because a 11ail is a conductor a11d wood is a11 insularor 
Because a 11ail is metal a11cl metal is a conductor sc it completes the 
circuit 
Changes Between Pre and Posttests in Student Conceptions of Materials that will Allow 
the Flow of Electric Current (n � 30) 
Change 
Retained scientific choice 
Changed from a limired explanation to a scientific choice 
Changed from no response to scientific ..:hoice 
Total students retaining: or changing to a scientilic choke 
Retained same limited explanation 
Changed from scientific choice to a limited explanation 
Changed from one limited explanation to another 
Changed from no response to alternative framework 
Total students retaining or changing to a limited explanation 
Retained no response or informal response 
Changed from scientific choice to no response or informal response 
Changed from a limited explanation to no response or infonnal response 
Total students ,-,.·ho retained or changed to no response or informal 1·espo11se 
Q S  
27 
0 
] 
30(100%) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
The class mean increased from 2.33 to 3.63 out ofa possible score of four 
demonstrating a good understanding. 
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Proposition 7a: \Vhcn several batteries arc connected in series, current llow 
will be greater than with a single battery. 
Proposition 7b: If the total voltage of the lrnttcrics is greater than the 
voltage rating of the globe, the globe may blow; if it is less the globe will he very 
dim. 
Proposition 7c: \Vhen several globes arc connected in series the voltage 
available is divided amongst the globes and the globes appear dimmer than if 
connected in parallel. 
This proposition was assessed by Test Questions 6a and 6b, which asked what 
would happen i f  a 1 .3 volt or a 6 volt globe was put in a torch that normally had a 4.5 
volt globe, and Question 1 2, which compared the brightness ofa  globe when two 
batteries were connected i n  series and parallel. Twenty-eight students responded 
correctly to Question 6a (Table 9.24), with 1 7  offering reasonable explanations: 
3M78 The globe will blow. T/Jis will happen hecause the 1.3 isn 't meant to hold 
that much volts 
3F87 Thefilamelll in the globe will snap, blowing the g/ohe. This will happen 
because there will be too much electricity for the globe which causes the 
filament to break 
Twenty-three students responded correctly lo Question 6b (Table 9.24) with 1 7  
students offering a reasonable explanation: 
3F7 l The light would be dull because the globe is higher rha11 the current and 
it would11 't have enough currrnt to keep it going 
3F66 The globe would glow dimmer because there is less voltage i11 the 
batteries than the globe can take so it needs more power to light it up 
Most students who had alternative frameworks still considered that a 1 .5 volt 
globe would not be as bright when connected to three batteries in series and that the 6 
volt globe would be brighter. 
The responses to Question I 2 (Table 9.24) indicated that the understanding of 
the difference between batteries in series and parallel was not as well understood. Eight 
students made the correct choice with no students offering scientific explanations: 
3F80 
3M94 
Because it is a circuit that uses more power quicker 
Because series circuits deliver more power 
Of the 2 1  students with alternative frameworks, five students made statements 
that did not agree with their choice of circuits; four chose the parallel circuit and said 
271 
that the connections were correct; and seven considered that a parallel circuit would 
have the brightest globes. 
Table 9.24 
Changes Between Pre and Posllcs�s in Student Conceptions of'thc.: Effect of'Connc.:cting 
Batteries in Series (n = 30) 
Change 
Retained scientific choice 
Changed from alternative framework to scientific choice 
Changed from no response to scientific choice 
Total stud1rnts retaining or changing to a scientific choice 
Retained same alternative framework 
Changed from scientific choice to alternative framework 
Changed from one altcrn.itive frnmework to .inother 
Changed from no re::.ponse to oltern.itivc frnmework 
Total students retoining or changing to an alternntivc 
framework 
Retained no response or infornrnl response 
Q 6a 
9 
1 8  
28(93'Y.,) 
0 
0 
2(7'Y,,) 
0 
Changed from scientific choice to no response or informal response 0 
Changed from alternative framework to 110 response or informal 
response 
Total students who retained or changed to no response or 
informal response 
0 
0 
() ()b Q 12 
1 0 2 
1 2  2 
4 
23(77'X,) 8(27%) 
J 
4 
2 7 
0 9 
6(20%) 21(70%) 
U 0 
0 (I 
l (3'X,) 1 (3%) 
The class mean increased from 2. 1 7  to 4.83 out of n possible score of 12. The 
improvement in understanding was mainly of the relationship between globe and battery 
voltages. 
Proposition Sa. \Vhcn several batteries arc connected in parallel, the 
current flm·f is the same as that for a single battery and the current , . . ill operate for 
longer than when the batteries are connected in series. 
Proposition Sb. When several globes are connected in parallel the voltage is 
applied equally to all the globes and they :1ppcar brighter th:111 if connectt>cl in 
series. 
Test Question 1 3  examined student understanding oreircuits that contained 
batteries in parallel and asked whether a circuit with two batteries in series or two 
batteries in parallel would allow the globe to shine for the longer time. 
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Table 9.25 
Changes Between Pre and Posltcsts in Student Conceptions or tlw Effects of Conne;cting 
Batteries in Parallel (n = 30) 
Change Q ! 3 
Retained scientific choice 6 
Clrnngc<l from an .iltcrnativc framework to a scientific choice 6 
Changed from no response to scicntilic choice I 0 
Total students retaining or changing to a scientific choice 22(73%) 
Retained same alternative framework 0 
Changed from scientific choice to an alternative framework 0 
Changed from one alternative framework to another 2 
Changed from no response to alternative framework 3 
Total students retaining or changing to a limited explanation 5(17'Yr,) 
Retained no response or informal response 0 
Changed from scientific choice to no response or informal response 3 
Ch,mged from an alternative framework to no response or inform.ii response 0 
Total students who retained or changed to no response or informal response 3(10'Y.,) 
Twenty-two students made the scientific choice in the posttcst (Table 9.25) 
although the understanding demonstrated in the explanations was limited: 
The circuit is better arranged 3F77 
3M79 Because our experiment showed that the paml/el circuit 11·as the longest 
lasting 011e 
Three students gave answers that were not urn1 .:rstan<lable or offered no 
response. The five students with alternative frameworks showed no pattern in their 
responses. 
The class mean increased from 0.3 to 0.83 out of a possible score of four 
indicating very little improvement in understanding. 
Comparison or Classes 
Whole Class Results 
All the classes showed an improvement in their mean scores from the pre to the 
posttest with Mr Avery's class showing the greatest increase and Ms Brown's the least. 
None of the final scores were close to the maximum with Mr Carter's class gaining the 
highest result at 24.5 out of a maximum possible score of 59. When the increase in 
scores is considered, Mr Avery's class showed the greatest i:11provemcnl, with Mr 
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Carter's class showing the next greatest and Ms Brown's class the least improvement 
(Figure 9.7). 
60 �------------- -
50 +-------- - ------
Percentage 40 -+--­
mean 30 +---
scores 20 -t---
1: +---0�"."') 
Mr Avery Ms Brown 
Class 
Mr Carter 
Cl Protest 
•Posttesl 
Figure 9. 7: Graph showing percentage mean scores for the pre and posttcsts for the three 
classes 
The increases in  percentage total test mean scores between pre and posttest were 
26 for Mr Avery's class, 1 6  for Ms Brown's class and 20 for Mr Carter's class. When 
the mean percentage scores by proposition are compared, all classes showed some 
improvement on all propositions (Table 9.26). The least improvement was for Mr 
Carter's class for Proposition 5, electric current travels in one direction through a circuit 
(2%) and Ms Brown's class for Proposition 2, the amount of electric current in any part 
of a circuit will be the same ( I  0%), and Proposition 5, electric cuJTcnt travels in one 
direction through a circuit ( 1 0%). The greatest improvement between pre and posttest 
scores were in Mr  Avery's class for Proposition 3, the position of joins in a circuit 
(40%), Proposition 7, series circuits (38%), and Proposition 5, electric cmTent travels in 
one direction through a circuit (31 %) and in Mr Carter's class for Proposition 6, 
materials that will allow the flow of electric current (33%) (Table 9.26). 
Table 9.26 
Percentage Increase in Scores between Pre and Pastiest for all Classes by Proposition 
Percentage increase by prop, ;tion 
2 3 4 5 6 7 s 
Mr Avery 27 12  40 1 9  3 1  1 7  38 2 1  
Ms Brown 17 10 14 12  J O  1 9  22 15 
Mr Carter 25 1 3  22 2 1  2 33 22 13 
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Focus Group Results 
Of the Focus Groups, Mr Avery's  group showeJ the most improvement with the 
lowest increase between pre and posllcsts by a member of this group being 31  %) (Table 
9.27). In the other classes only one student had an increase in score that was higher than 
the least increase in Mr Avery' s  group (Tables 9.28, 9.29). The mean group increase in 
scores between pre and posttcsts was 45% for Mr Avery's group, 24% for Ms Brown's 
group and 2 1  % for Mr Carter's group. The Focus Group students who demonstrated a 
low level of knowledge on the pretest in Mr Avery's class generally showed more 
substantial increases in their scores than similar students in the other two classes, 
although Helen, in Mr Carter's class also demonstrated a substantial improvement. 
Colin, who was ranked at level 3 when the students were ranked by ability showed the 
least improvement, and the interview confinned the posttest results. Helen, the other 
level three student made a considerable improvement although there were a few areas in 
which she showed uncertainty in the inten,iew. Of the students who were considered to 
be the high-ability students, Sue, Bob, Ann, Neil and Geoff, Geoff showed the least 
improvement with all the others demonstrating a reasonable level of improvement and 
Sue achieving an exceptional increase (Tables 9.27, 9.28, 9.29). 
Table 9.27 
I ncrease in Percentage Total Test Scores for Focus Group Students from Mr Avery's 
Class 
Sue Jon 
7( 31 
Table 9.28 
Increase in Scores 
Bob Ann 
4( 36 
Pat 
46 
Focus Group 
mean 
45 
Increase in Percentage Total Test Scores for Focus Group Students from Ms Brown's 
Class 
lncreuse in Scores 
Neil Ryan Katy 
27 22 22 
Tina 
26 
Focus Group 
mean 
24 
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Table 9.29 
Increase in Percentage Total Test Scores for Focus Group Students from Mr Cartc:r's 
Class 
Increase iu Scores 
Colin Helen Geoff 
9 32 1 9  
Discussion 
Linda 
24 
Focus Group 
mean 
2 1  
Previous chapters have indicated the range of teaching and learning styles in  the 
classrooms. The results reflect the effects of some of these styles. 
The ability to present the infom1ation in many ways and extend the teaching is 
important (Carlsen, 1991 b;  Sanders et al., 1993; Wilson et al., 1 987). Mr Avery was the 
teacher with the most knowledge about the topic and about alternative frameworks. He 
conducted interesting discussions which maintained the interest of the students and, 
because of his background knowledge, was able to use a range of strategics and 
demonstrations to illustrate and explain phenomena. Cara vita and HalldCn ( 1994) and 
Driver and Oldham ( 1 986) suggest that a supportive classroom environment is 
important and Mr Avery's friendly supportive attitude encouraged the students to 
become engaged in learning and the students were willing to question things with which 
they disagreed or that they did not understand. The students were willing to explain their 
answers and this helped Mr Avery recognise their understandings and, where necessary. 
address them. The students in Mr Avery's class sho 11cd the greatest improvement in 
understanding of the classes for most propositions. 
Assertion 9/86 
Where teachers are knowledgeable and use a wide variety of methods to 
illustrate and explain phenomena, with students engaged in discussion and 
constructing ideas, the students have more opportunities for learning and arc 
more likely to reach scientifically acceptable understandings. 
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Generally Mr Avery covered all the concepts in the curriculum materials, 
adapting them to fit his teaching. However, he omitted much of the relevant teaching for 
Proposition 2, the amount of electric current in any part or a circuit will he the same, 
and this is reflected in the limited improvement in scores that the students showed on 
this proposition. Ms Brown omitlcJ parts of the curriculum related to joins in a circuit 
and Mr Carter changed the information available when teaching direction of current 
flow. Smith and Neale ( 1 989) suggest that inappropriate tcuchcr changes to curriculum 
materials will limit the learning that \vii i  occur. 
Assertion 9/87 
Where teachers omit parts of the curriculum or do not use the supplied 
materials, students may not be given the opportunity to develop scientifically 
acceptable understandings. 
Reviews allow the students an opportunity to check their understandings and arc 
usually used by the teacher to ascertain student recall of previous activities (Gage & 
Berliner, 1992; Swift et al. 1988). The links made during reviews are also important as 
students often do not connect parts of a lesson or individual lessons to each other 
(Tasker, 1981  ). Both Mr A very and Mr Carter conducted frequent reviews and made 
links between and within lessons, with Mr Avery's reviews being more comprehensive 
than Mr Carter's. Mr Avery covered most of the focus questions from the lesson 
outlines in his reviews. Mr Carter, because of his emphasis on student guided revic,Vs 
tended to cover the basic understandings but not the more difficult ones, although some 
were covered during the lessons. Ms Brown rarely conducted reviews or made links and 
did not refer to the focus questions in her lessons. This may have had an effect on the 
more limited i mprovement in  understanding demonstrated by her students on the 
posttest. However, Ms Brown's teaching style and relationship with the students would 
also have limited opportunities for learning. 
Because of Mr Avery's adaptation of the lessons, the students were given more 
reviews related to series and parallel circuits. Ms Brown and Mr Carter only had limited 
opportunities to review series circuits, during and at the end of Lesson 3 and during and 
at the beginning of Lesson 4. Neither teacher took effective advantage of these 
opportunities. The improvement in understanding of the attributes of and differences 
between series and parallel circuits ,vas considerably higher in  Mr Avery's class than in 
either of the other classes. 
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As'.�ertlon 9/88 
Where effective reviews are not conducted it is likely that any improvement in 
understanding will be limited. 
Linn and Burhuks ( I 993) considered that many groups <lo not have good 
discussion skills. The Focus Group in Mr Avery's class was unusually effective as a 
group. They were able to discuss and work collaboratively with few problems and were 
consistently mHask. which gave them more opportunity to learn (Ross, 1984 ). All the 
students in this group showed substantial improvement in their understanding of the 
propositions. The Focus Group from Mr Carter's class was <lysfunctional and was 
unable to work as a cooperative group. Apart from Helen, their score increases from the 
pre to posttest were lower than those of Mr Avery's Focus Group. 
Assertion 9/89 
Groups that do not have the skills to work cooperatively are less likely to  
improve their understanding of the concepts under investigation. 
Three of the Focus Group students that did not participate noticeably in the 
activities and discussions, \Vere Pat in Mr Avery's class, Tina in Ms Bro\vn's class and 
Helen in  Mr Carter's class. Pat and Tina's more limited participation appeared to be 
influenced by the group, whereas Hclen 's appeared to be lack of motivation, although 
she was generally also less engaged in the social discussion so it may also have been 
influenced by the group. Kempa and Ayob ( 1 991) argued that self imposed passivity 
with some participation allowed students to still learn, however, they felt that where the 
limited participation was impost:d by the group the student was less likely to leam. All 
three students made substantial improvements in their understandings, with Pat and Tina 
showing the second highest improvement in their groups and Helen the highest. 
Assertion 9/90 
Students who do not appear to be overtly participating effectively in the group 
activities may still substantially improve their understanding of the concepts 
under investigation. 
Many students retained alternative frameworks in the posttcst and there were 
some instances of students changing from a scientific view to an alternative framework. 
For Proposition 1 in all the classes there was a substantial improvement in the 
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understanding that a battery did not have an electric current when it was isolated. 
However, in both Mr Avery and Ms Brown's classes many students continued lo hold 
the view that once wires were connected, even irthcy were not cnnncctcd in a circuit, 
there was an electric current. This alternative framework has been frequently reported in 
studies (Dupin & Joshua, 1 987; Osborne & Gilbert, 1979). Neither Mr Avery nor Ms 
Brown gave this aspect of the proposition much attention although it was discussed in 
Mr Avery's class. However, Mr Carter pcrfom1cd a quite dramatic demonstration, 
involving many of the students in the class, which showed this fact clearly. This 
supports Assertion 9/86 (Students arc more likely to learn where teachers arc 
knowledgeable and use many strategics) but also introduces a new assertion. 
Assertion 9/91 
Dramatic or interesting rnr!thods of illustrating phenomena result in more 
learning taking place. 
Students are often unaware of where j oins need to be in a circuit (Arnold & 
Millar, 1 987; Fredette & Lockhead, 1980; Tasker & Osborne, 1 985). M any students in 
Ms Brown and Mr Carter's classes considered that joins to either side of the globe 
would result i n  a working circuit i f  the battery connections were correct ,  with fewer 
students in Mr Avery's class making this error. This is linked to Assertions 5/14 
(Information provided in the curriculum may not be effectively used) and 5/1 5  
(Teachers may not recognise the effects of omitting a part of the curriculum). The 
students did not draw all their non-working circuits which would have given them more 
opportunity to recognise the importance of the position of the wires on the globe, but 
also neither M s  Brown nor Mr Carter used the diagram provided with the lesson 
outlines that showed the full circuit, including the connection through the globe, which 
was often used by Mr Avery. This also supports Assertion 9/87 (Omitting parts of the 
curriculum results in students not changing non-scientific understandings) and relates to 
Smith and Neale's ( 1 989) discussion of the effects of misuse of  curriculum materials. 
Students unscientific conceptions related to the amount of current in parts of a 
circuit and of the direction of current now have frequently been reported (eg. Heller & 
Finley, 1 992; Tasker & Osborne, 1 985; Shipstone, 1 984). The concept that there is the 
same amount of  electric current in all parts o f  a circuit was poorly addressed by the 
teachers and poorly understood by the students. Again, this relates to the teachers' use 
of the curriculum materials and supports Assertion 9/87 (Omitting parts of the 
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curriculum rJsults in students not changing their non-scientific understandings) and also 
Assertions 5/ l 4  ( Information provided in the curriculum may not be effectively used) 
and 5/ 1 5  (Tc;ichcrs may not recognise the effects of omitting :.1 part of thl.: curriculum), 
but it may also relate to the teachers' lack of knowledge (Assertion 5/25, Teachers who 
lack science knowledge may accept or reinforce incorrect understandings mH.1 Assertion 
5/26, (The teacher's knowledge affects the quality of the explanations). 
The fact that the students in Ms Brown and Mr Carter's classes had a limited 
understailding of the direction or current flow can also he related hack to poor use of the 
curriculum materials. However, it also reflects Mr Carter's understanding as, although 
he checked the correct direction of current now with another teacher and had the reasons 
explained, he originally intuitively felt that current flowed from positive to negative. In 
the first lesson he stated the correct direction of flow, but in all subsequent lessons he 
reverte d  to his initial understanding. 
Assertion 9/92 
Where teachers have non-scientific understandings these are hard to change and 
may be passed on to the students. 
This Chapter is the final chapter which describes and analyses what happened in 
the lessons. The next chapter collates and categc.,rises the assertions that have been 
generated in the last five chapters and produces overarching assertions. 
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CIIAl'TER 10  
Synthesis of Assertions 
1 nt rod uclion 
The nature of this study enabled the researcher tu analyse not only wholt;.class 
and group interactions. but also their relationships and the l inks across the lc;m1ing 
process. Howc\'cr. the breadth o f  the d.1ta and the numhcr of factors that may have 
impinged on the learning makes a direct causal relationship between any indi\'idual 
teaching process and l earning outcome impossibk to \·crify. Nevertheless, it is possible 
to establish links between combinations of charact(ristics of the lcamifig environment 
and changes that occurred in understandings. The discussion in this Chapter synthesises 
more general assertions from those previously dc\"l!]oprd about these relationships. 
However, further studies would be necessary to test any potential generalisahlity of the 
findings. 
It was proposed in the l i terature review that conceptual growth and change was 
faci li tated by interact ions between teachers and students through who\c.c\ass and group 
activities and ctiscussion, which provided opportunities for learning. Combinations of 
teacher and student behaviours provided opportunities for learning in a11 classes to a 
greater or lesser degree. 
Summary and Anal�·sis of Assertions 
The assertions generated in Chapters 5 · 9 (Appendix 8) ha,·e been grouped to 
produce general assertions, which sunrnarisc spccilic teaching and/or learning 
behaviours. These have then been collated to produce overarching assertions which 
summarise the findings of this study (Figure 10. l ). \Vhcre assertions have been used in 
more than one situation, they have been indicated with an asterisk. 
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Assertion Focus uf(ienernl Assertinn Focus of(>vcrarching Asscrtiim 
512, 513 A Classronm cllms I .  The effect or dassrnom ethos 
6158· ll Supportive kaehcrs tUH.l tcachcr urnrmcr on 
student c11gagc111cn1 
5/14, 5115, 1)/87 (' luappropriale 11.sc cif curric11]11n1 2. Changes iu cmriculum 
materials matctrnls and the effect oil 
6i46 D Apptc,priatL· changes 10 cuniculun1 
students' learning 1J111comcs 
materials 
5/ 1 ,  6/45 E Quanlily nf management ]. Organisation of hehavio111 and 
intl'racticms !ask ma11agemen1 
516. 517. 5/22, 5/5 F lkhaviour management strategics 
5/4, 6/47, 6/-18*,  7180 G Task instructions 
6/4S•. 8185 II Time management 
5125, 5/17, 9192, I Teacher knowledge and alternative 4. ·111c quality of teachers' 
6152', g.1g3 frameworks understanding and its effect 
5/20. 511 I, 5116. 5127. J Teacher knowledge and explanation 
on student learning outcomes 
9/86· quality 
5/t I, 5111. 5118. 5129, K Tear.hers' questioning strategies 5. The effect of teachers· 
5130, 519, 5110 discussion styles on studcms· 
518, 5/35, 5/23, 5/24, L Teacher discussion and engagement; the teachers· 
5/4 1 ,  5/13, 5/16, 5/40, demonstration style knowledge of students' 
5/36, 9/86*, 9/91 understandings; and the 
513 1 ,  5132. 5133, 5134, M Reviews of completed work 
students' learning outcome.:, 
9188 
6150, 615 1, 6151 *, N Interactions during teacher visits to 
6/53, 6/54, 6158*, groups 
6144, 6149· 
5/18, 5r'I9, 5/42* 0 Use of scientific terminology 6. l11e effect of teacher language 
5137, 5138, 5139 p Quality of student answers use on student responses 
7/60, 7169, 7170, Q Choice of group members 7. 111e effect of cooperati\'e 
7172• R Leadership in groups groups and effective leaders 
7161 ,  7162 on work completion 
6156, 7165, 7168, 7164, s Group work skills 8. The effect of appropriate 
7/63, 9/89 group work skills on efficient 
7159, 7171 ,  7/73, 7174, T Group discussion skiHs functioning of grnups 
7175, 7/76, 7/77, 7181 
5/42., 7/78 u Student statements in group 9. The effect of teacher visits to 
discussions groups on group behaviours 
6/43, 7/67, 7179, V Changes in group members' 
and discussion 
6/49* behaviours during teacher visits 
6157 w Teacher and student management 10, The effect of teacher and 
of group work student management of 
7172', 6155 X Teacher and student management 
difficulties in group work on 
of group practical work students' group work skills 
7/66, 9/90 y Leaming by passive students 1 1 . Learning that occurs when the 
8/84, 7/82 z Leaming in different situations process is nnt obvious 
Figure 1 0. 1 .  Relationships between assertions, general asse11ions and overarching 
assertions, and focus of general and overarching assctiions 
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Although there arc only two general assertions suprorting the first overarching 
assertion, classroom ethos was seen to he an important aspect of the study as it related to 
the students' willingness to participate, and conscqucntly :.dTcctc<l most occasions whcn 
learning would occur. 
ta:N•:H.AI. ASSEH.TJ(JN A 
A fricmll�· classroom with a rn11portive tcad1cr encourage\ sludcn1 c11gagcmcnt and 
1rnrlicipalion. 
Assertion 5/2 
When the clas::,rnom 1s fm:mlly, students arc more l1kdy to participate fully 111 hoth the d1srn'>'>JUll'> 
and the activities, offrrmg 1tb.1s and suggl'Stions and qucstuming the teacher·� statements. 
Assertion 5/3 
Students' enthusiasm may be increased by the tcachcr·s wdlingnes� to listen 10 and comment un 
sn1dent successes and ideas either in whole-class or in<lividu.J) settings. 
In c lassrooms where the students feel at ease and the teacher is  friendly. the 
conversation is likely to be more open and the students more enthusiastic. The students 
are more wil ling to attempt to justify their ans\\·crs and ask questions. resulting in the 
teachers having more opportunities to recognise students' alternative frameworks and 
facilitate the development of more scientific understandings. lf the classroom ethos is 
less supportive, the students are only willing to gi\·e limited answers and arc less likely 
to question anything that the teacher says or become inrnl\'cd in discussions. 
GEl'iERAL ASSERTIO:"o 8 
When teachers who are supportin and willing lo listen to the studenh ,·isit group�. the students 
will offer their understandings and ideas for crnluation and comment by !he tcad1er. 
Assertion 6/58* 
Students may use teacher visits to their group to check !heir understandings and'or 1h;:it they are 
working correctly on the assigned practical task. 
The teacher's attitude and classroom ethos also affects the quality of the 
students' questions and responses during group work, with students who have 
supportive, friendly teachers offering understandings and ideas when the teacher visits 
the group. However, the students' input during teacher visits will ollcn be limited to 
factual questions i f  the teacher is less supportive of student ideas. These first two 
General Assertions are summarised as Overarching Assertion l :  
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Overarching Assertion 1 
When the classroom Is supportive and friendly and the teachers demonstrate an 
interest in the students' ideas anti discoveries, the st,Jdents arc more likely to 
become engaged in learnin�. 
Many studies have shown that teachers often do not follow the curriculum 
materials and may make changes which limit some of the learning (cg. Smith & Neale, 
1 989). It is possible for teachers to effectively adapt the materials i f  they have surricicnt 
knowledge of the topic and i f  they ensure that all the learning situations arc included. 
The curriculum materials in the study were dc.;igncd so that teachers could use them as 
they wished, but it was explained that the group activities needed to be completed, the 
focus questions needed to be discussed and the objectives needed to be reached. 
However, these instructions were not always followed. 
GENERAL ASSERTIOJI,,' C 
If curriculum materials are not used as intended by the curriculum writers the opportunities for 
learning may be reduced. 
Assertion 5/14 
Information provided in curriculum materials may not be effectively usrd. 
Assertion 5/15 
When parts of a lesson are missed, teachers do not always recognise that they are omitting a part of 
the curriculum and this will have a negative impact on learning. 
Assertion 9/87 
Where teachers omit parts of the curriculum or do not use the supplied materials. students may not be 
given the opportunity to develop scientifically acceptable understandings. 
When curriculum materials are not used as intended, important segments may be 
omitted and consequently the learning opportunities for the students may be limited. 
This may result in students retaining their non-scientific understandings. If the teacher i s  
unaware that s/he has changed the curriculum materials, s/he will be unlikely to 
remediate the situation. 
GENERAL ASSERTION D 
Where a teacher has sufficient knowledge of a topic, s/he may be able to make changes to the 
curriculum materials which do not adversely affect the learning opportunities. 
Assertion 6/46 
Curriculum materials may be manipulated to support a teacher's style of teaching but still maintain the 
integrity of the materials. 
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Teachers with a goot! knowlctlgc of the topic and who arc also aware of the 
idiosyncratic ideas that stutlcnts might hold may he able to effectively change the 
teaching materials without diminishing the learning outcomes. These changes may he 
necessary to support a particular teaching style or the needs of a grnup or students. 
These two general assertions lead tu Overarching Assertion 2: 
Overarching Assertion 2 
\Vheo teachers do not use the curriculum materials as intended, the students will 
be disadvantaged unless the teacher has a very good understanding of the topic 
and is able to provide an alternative sequence of learning experiences that provide 
opportunities for developing the intended learning outcomes. 
Some classrooms are very teacher directed. When the teacher takes 
responsibility for all the occurrences during a lesson, s/he spends much of his/her time 
managing tasks and behaviours and this may limit the time available for general 
discussion and the development of explanations for the phenomena being investigated. 
Students in Year 7 should be able to manage the tasks after initial instructions and gh·en 
minimal on-going direction from the teacher, particularly when they also ha\·e the 
instructions on worksheets. However, teachers arc sometimes reluctant to pass 
responsibility to the students. Unfortunately, when students arc not allowc<l 
independence and responsibility, this affects their group work and they are less likely to 
make decisions without the teacher's input, adding to the teacher's workload. 
GENERAL ASSERTION E 
A large proportion of the interactions thal occur in classrooms are related to management of 
beha\'iour or tasks. 
Assertion 5/1 
Approximately half of the interactions in primary science lessons of the type studied relate to 
management either of the task or of student behaviour. 
Assertion 6/45 
In most classes during group work, the number of utterances from teachers or students that relate lo 
management, either of the task or of student behaviour, is higher than tl10sc related to dc\'eloping 
understandings. 
During whole-class discussions, about half the time is used for management, 
either explaining and managing the task, or managing behaviour. Where the class is 
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more teacher directed, the level of  management interactions is higher. During teacher 
visits to groups, the m,magemcnt i11tcractions arc generally vcry high, allllougli, whcre 
the teacher focusses on developing understandings, they may hi.: lower. This 
man;.1gement focus is also seen in group work when the teacher is not in allcmlancc, 
with most student interactions related to managing the task. 
( ;J,:Nt:1-UI. ASSEl{Tlf)� F 
l'ro.acth·e sln1tegics can he used lo imprm'l' ,tudcul atlculiou aud cugagcmeul. and rcducr !he 
need for o,·1.'rl !<tludenl hcha,·iuur 111anagcmc111. 
Assertion 5/6 
When students arc moved to face the !cacher durmg wholt:-clas;s th�cm�aom �tudcnt attcntmn and 
participation is improved. 
Assertion 5/7 
When materials are not available during 1he discussions, swdent attention and participatmn is 
improved. 
· Assertion 5/22 
When students are moved to the front of the class during discussions or demonstrations, student 
attention and participation is improved. 
Assertion 5/5 
Less intrusive use of control strategies helps to ensure that lesson now is maintained. 
Where behaviour is managed pro.actively, by organising situations and tasks so 
that there is less opportunity for negative behaviours, management problems are fewer. 
However, in any classroom, situations may arise where the teacher needs to address 
poor behaviour by a student. When these incidents arc addressed quietly by the teacher 
with minimal interruption to the lesson, the lesson now can be maintained and students 
are more likely to be able to follow the construction of explanations during the 
discussion. 
GENERAL ASSERTION G 
Task instructions should allow rreedom or progress by students lo encourage them to be self 
reliant and to sla)· on·task and im·oh·cd. 
Assertion 5/4 
A variety of methods can be used to provide instmctions for activities. some of which arc imposed 
and some which allow students to exercise independence. 
Assertion 6/47 
A quick initial check of all groups ensures students understand the task and have the correct materinls. 
C'o11t11111cd 
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GENERAL ASSl<:RTION (; t·tmlimu•d 
Task instructions should allow freedom of progress hy sludents lo encountge lhcm lo he self 
reliant and 111 <,lay 1111-lask and involved. 
Assertion 6/48* 
Stmlt·111 involvt·mt·nt m ,1cll\'lltt·s 1s mncasl'd when they ,ire ;1hlc 10 progrcs\ at their own rn1c and they 
hecome hurt·d and off-task when they are rL"q111rcd to wait li,r 111<,lrnl'IIOn'> frorn lhl' lcad1cr. 
Assertion 7/80 
Suulc111s whu ;ut· used to workmg mdcpL"ndcntly of the \cacher mainlam thi'> when woJkmg m group, 
The varying methods of giving and reinforcing instructions for tasks emphasised the differing attitudes of the teachers towards their students and towards the learning process. lndcprndcnt Slllllcnts demonstrated an ability to make decisions hy reference to the worksheets or by asking the teacher. In teacher directed classrooms, the teacher's role was seen to be one of managing the task and groups expected rein forcement of instmctions and teacher attendance to ensure the activity was understood, and instructions as to when the next activity could be started. This resulted in a teacher work-load that limited the time available for conceptual discussion with the groups. Because the curriculum materials allowed some freedom in teaching style, one teacher reworded the instructions into open-ended tasks which were couched in a way that ga\'C the students more freedom in their approach to the problems. 
GENERAL ASSERTION H 
The time allowed for task completion and discussion needs lo be such that students lut\'C enough 
time to complete the work bul not loo much so that !hey become off�task. 
Assertion 6/48* 
Student involvement in activities is increased when they are able to progress at their own rate and they 
become bored and off-task when they are required to wait for instructions from the !cacher. 
Assertion 8/85 
Sufficient time needs to be allowed in all lessons for the students to engage in discussion and 
reflection. 
Although the time allowed for discussion must be sufficient to allow students to cover the discussion topics, management problems may occur when the students are given too much time to complete tasks, particularly discussions. This results in students becoming off-t.µsk and often discussing topics unrelated to science. When this occurs it is l ikely that the science based discussion will be difficult to recall. and the students may find i t  difficult to contribute ideas to any subsequent whole-class discussion. I f  an activity is involved, the students may dismantle any circuits that they have constructed 
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and use the circuil components for other purposes. This, again, may hrcak the Jcsson sequence as the constniclctl circuit might not only he the topic of a discussion, hut may also be the basis of the next activity, and ifit is not av;.1ilahle, the students may not he able to ascertain how to continue the acti\'ity. This wide range of general assertions (E . I I )  \cads to Ovc:rnrching Assertion 3: 
Overarching Assertion 3 
If behaviour management and task management are organi!ied so that overt 
control mechanisms are used less, the lesson will flow smoothly and students are 
more likely to stay on task with less teacher interruptions, and the time available 
for conceptual discussion will be increased. 
T cacher knowledge of the topic and of altcmati\·e frameworks has an impact on the way the lessons arc conducted and the ideas that arc available for consideration. 
GENERAL ASSERTIO� i 
Teachers who haw a restricted understanding or !he lopic and/or haw alternative framlworks 
thcmseh·es are limited in their abilit�· to recognise student explanation'.lo based on alternatiH 
frameworks. 
Assertion 5/25 
Where a teacher's understanding ofa concept is limited s he may not recognise s1uJen1s· 
explanations based on alternative frameworks and may accept or reinforce these. 
Assertion 5/17 
Some teachers demonstrate little knowledge of students' alternati\'c frameworks. 
Assertion 9/92 
Where teachers have non-scientific understandings these arc hard to change and may be passed on to 
the students. 
Assertion 6/52* 
Acceptance in the group discussion of students' answers that are based on unscientific beliefs may 
result in students retaining incorrect understandings if the concept is not later disc1,ssed and clarified 
in the whole-class discussion. 
Assertion 8/83 
Teachers who are less aware ofaltemati\'e frameworks may, by reslricting discussion either in group 
work or in whole-class discussions, not give students the opportunity to recognise and discuss other 
ideas. 
Where teachers arc unaware of alternative frameworks they tend to accept the first correct answer and move on. This results in  the students not being given the 
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o�portunily lo recognise other understandings or pn.:s..::nt ll ieir own ideas and discuss 
and test these. The information is presenkd as hemg r.:orrect and there is Ii tile 
discussion. particularly in the lcss supporlive classrooms. 111 more supportive 
classrooms. then:- 111ay he some questioning hy studenls. w/11d1 may gem:rate d1s<.:us<,1u11. 
However. the te.1cher mav slate that the student's ideas ar<.: mcnrrcct am! repeal !he 
corrccl answer. restnclmg d1scuss1(1/l aml learnmg npportunitJe<, for lhc <,tude111. If !he 
h:achcr has 11011-sc1c11tilic hdtt.:Lc. thcsc wil l affect their re'>po11ses to qucsti,,ns and the 
students may also tkvclop 11011-scicnt11ic undcrst,mdings. 
(;t:7'EIUI, ASSHtTH):"i .I 
The teacher,;' knowledge or the topic aJfcch their ahility lo pre,;cnt clear. unamhi2uou\ and 
scientifically acceptable explanaliom u,;in2 a ,·aricty or supporting 'ilratc2ic,;. 
Assertion 5120 
Teachers with a good knowledge of the topic are able IIJ use a wider \'arieiy of conlcxis f(ir 
developing ideas. 
Assertion 5/21 
Teachers wi1h a good knowledge of 1he topic allow the ideas and activities to be extended by students 
and are able to comment on and evaluate these. 
Assertion 5/26 
The teacher's knowledge of the topic affects the quality ofhisiher explanations. 
Assertion 5/27 
Clear and accurate explanations from the teacher give the students the opportunity to develop 
scientifically acceptable understandings. 
Assertion 9/66* 
Where teachers are knowledgeable and use a wide variety of methods to illustrate and explain 
phenomena with students engaged in discussion and constructing ideas, the students ha\'e more 
opportunities for learning and arc more likely lo reach scientifically acceptable understandings. 
The teacher's lack of knowledge about the topic can also restrict discussion as 
the teacher may accept the first answer that s/he considers correct. and may not allow 
any further discussion. Teachers with limited knowledge of the topic tend to only use a 
limited range of strategies and contexts for developing concepts and often conduct 
discussions that are less interesting and which may include unclear explanations. Their 
methods of presenting the topic are likely to be more restricted and the curriculum 
materials may be misunderstood and/or misused. Because of the limited range of 
explanations that arc available to students, the understandings that they develop arc less 
likely to be complete. 
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These general assertions (I and J )  lead to Overarching Assertion 4: 
Overarching Assertion 4 
\Vben a teacber,.s understanding of the topic and his/her knowledge of alternative 
£rameworks is restricted, this will affect the quality of explanations and discussion 
and limit the learning opportunities that are available to the students. 
For lcamim.! to occur. students need to he enl!al!cd in the whole-class and group - - -
discussions. and the us1.; of a , ariety of strategics wi [I impro\"C their attention. It has 
alreadv het.!n SU!.!l.!ested that teacher knowh:dl!c mav ha\'c an effect on the ranl!c of - �- - - � 
strntegics used anJ 1ha1 teachers may not use the curriculum materials cffecti\"cly, 
possibly resulting in some oflhc suggested s1ratcg1cs (eg. demonstrations) not being 
used. The teacher's range of questioning techniques may also ha,-e an effect. 
G['.\'ERAL ASSERTJO� K 
Questioning Cethniques thaf ini;ludi; open and dosed question\, qUl'\lioning a ,·ariet�- of stmlenh 
and gaining a ,·,uiet�· of responses. allo\\· the teacher and students tu recognise the range of ideas 
and encourage students to stay inrnh·ed and engaged in construcling and lesting explanations. 
Assertion 5/11 
A ,·ariety of 1ypes of questions c\1c1ts a \\ ida range of responses from th<: 5\Ulknt"­
Assertion 5/12 
Open questions n�ay bi:- used in many s11ua11ons to generate ideas and thscu�mm. 
Assertion 5/28 
The tone of a teacher's \'Oicc may cue the students to thc corrcct rcsponsc. 
Assertion 5/29 
The correct answer needs to be idcntificd when a "arn:ty of rcsponses are acccpted for an open 
question. 
Assertion 5/30 
The generation of a \'ariety of ideas leads s1uden1s tn recognise and queslion other·s ideas. 
Assertion 5/9 
Obtaining responses from many different students helps to maintain smdcnt interest. 
Assertion 5/1 O 
Questioning a variety of studcnls allows the teacher to become aware of the range of understandings 
held by the class. 
Al l  of the teachers in this study used open questions hut the way in which they 
were used affected the opportunities for learning. Where open questions arc mainly used 
to elicit predictions about what might happen in  an investigation, and any discussion 
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following the activity is ncgligihlc: or limited hy closed yuestioning, tlw students are not 
given an opportunity to relate their predictions to the.: results or the.: investigation and 
develop an understanding of why any differcnce occurred. Open yucstions may he 
effectively used in Jiscussions !{)110\v ing practical invl!stigations lo elicit a range of 
explanations fr,r the observations made, evaluate these di f"ICrcnt vil!\VS and then reach 
consensus round a scientifically acccptahll! explanation. Teachers who only 4uestion a 
limited range of  students or who accept thl! first correct answer and <lo not engage in 
discussion following investigations, do not encourage student involvement or the 
development of understandings. 
GE:'-ERAL ASSERTJO;-.;: I, 
Teachers who use a11i111ated discussions and a rnricty of strategic� to help develop 
understandin�s and who encourage student participation, allow more opportunities for lcarnin� 
and maintain the students' attention. 
Assertion 5/8 
Animated whole-class discussion using a variety of strategies helps to maintain student interest and 
engagement. 
Assertion 5/35 
The studen!s' involvement in the construction of explanations during discussions helps to maintain 
interest and allows them more opportunities to develop understandings. 
Assertion 5/23 
Where student blackboard drawing is completed when the other students are still working. the 
studl'nts are more likely to pay attention when the drawings arc brought to their notice. 
Assertion 5/24 
Where blackboard drawing is au.::ompanied by teacher explanations, the students' attention is better 
and they have more opportunity to mognise the ideas of other class members. 
Assertion 5/41 
When smdents arc involved in evaluating and correcting blackboard diagrams, there arc more 
opportunities for the development of scicnti fically acceptable understandings. 
Assertion 5/13 
The use of a variety of teaching aids and diagrams on the blackboara or from posters, with clear 
explanaiions may assist m thc dc\·clopment of scientifically acceptable understandings. 
Assertion 5/16 
Using analogies helps students to relate abstract ideas to things that they understand and provides 
opportunities for learning. 
Assertion 5/40 
When students are involved in meaningful demonstrations they and the rest uf the class are more 
attentive. 
Co11111111t•1 f 
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GENEH.AI. ASSl-:H.TJON L <·tmtimu•li 
Teachers who me animalctl discmslons and a ,·aricty of ,tr:1ICl!ics to hcl1» develop 
umlerslandiui:,:s and who l'ncourai:,:e student 1rn.rticipali1111, allow more opportunities for learning 
anti maintain 1 he lot udenh' :11knli1111. 
Assertion 5/36 
When students arc interested and mvolved in the discussion and .ictivit1es they arc more likely to as!: 
questions and offer suggestions. 
Assertion 9/66* 
Where teachers arc knowh:dgeablc and use a wide variety of methods to illustrate and explain 
phenomena with students engaged in discussion and cunstrucling ideas, the students have more 
opportunities for learning and arc more likely to reach scientifically acceptable understanding\. 
Assertion 9/91 
Dramatic or interesting methods of illustrating phenomena result in more learning taking place. 
General Assertions K and L have links back to the Overarching Assertion 3 
addressing task management. Students become bored and restless when they arc not 
physically or verbally engaged in the discussions and/or demonstrations and, where 
teachers have students drawing on the blackboard with little explanation or discussion 
whilst others watch, they lose the attention of the class, Knowledgeable teachers arc 
able to use a wide variety of strategies to demonstrate concepts and this variety not only 
helps maintain interest, i t  also gives students more opportunities to develop 
understandings. Students are generally keen to participate in demonstrations and 
engaging their assistance helps maintain their interest. 
GENERAL ASSERTION l\f 
Teachers who offer regular reviews of work that has been done, anti link it to lhe cu;renl 
activities give students more opportunil)' to deYC!op a betlcr undcrstandin� of fhe topic. 
Assertion 5/31 
Regular reviews gl\'c students who lrnve been absent for one or mmc lessons an opportunity to find 
out what has been covered. 
Assertion 5132 
Students have more opportunities 10 C<',11struct understandings when time is allowed for regular. 
effective reviews of work to be conducted. 
Assertion 5/33 
Reviews directed by the teacher arc likely to be more comprehensive than thost• where smdcnl 
responses guide the discussion. 
Co1111111u·,I 
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GENERAi, ASSERTION M ctmtimu•J 
Teachers who offer rcgul:.&r review.� or work I hat has been tlouc, aud link it to the current 
ucli\.'ilics p;i\'C studcnls more 01,1mrlunit)' tu dcn•lop .i hcl tcr umlcr�tanding of lhc topic. 
Assertion 5/34 
Where links arc not dearly made between parts ur a lesson and/or individual h.:� <;ons, students m..ty 
have more diflii:ulty cnnstrncting understandings. 
Assertion 9/88 
Where effective reviews arc not conducted ii is likely that any improvcmcnt in understanding will he 
limited. 
The use of  reviews is important in science as students often cannot make the 
conceptual jump that enables them to link parts of a lesson together, and often have 
difficulty remembering what happened the previous week. I t  appears that some teachers 
tend to treat the individual lessons more or less in isolation with few links made to 
previous work. This is a particular problem in primary science where there may be only 
one lesson a week. Generally, a series of lessons is intended to build on previous 
understandings, either within the lesson or between lessons, and if these arc not 
reviewed frequently the links will not be made, and the necessary understandings may 
not develop. 
GENERAL ASSERTION N 
Teacher's visits to groups ma)' be used to dc,·clop conceptual understandings but teachers need 
a way of ascertaining the students' understandings. and need lo ensun that students· 
unscientific explanations discussed in the group arc e\'a)uatcd in a whole-class discussion with 
consensus reached round a scientifically acceptable explanation. 
Assertion 6/50 
Listening to group discussion or reading student notes enables the teacher to ascertain student 
understandings and pose questions to facilitate the development of ideas and understandings of 
students in that group. 
Assertion 6/51 
Teacher visits to groups may be used to facilitate the development of conceptual understandings 
through discussion and questioning. 
Assertion 6/52* 
Acceptance in the group discussion of students' answers that arc based on unscicn1ific bclii.:fs may 
result in students retaining incorrect understandings if the concept is not later discussed :ind clarifo:d 
in the whole-class discussion. 
Con111111cd 
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GENERAL ASS.:RTION N c1111ti111u•d 
Tcad1l'r's visits lo i:,:roup.� nu1.y he ml'd 10 dc,·clup 1.·011.ccptual umJcn,landings hut teachers need 
a way of ascertaining thl' studcnls' undcrslaudiugs, 0111d need lo emu re that sludcnh' 
unscil·ntilic (.'Xl)lanalions discussed i11 1hc ,:roup arc e\'aluatcd iu a ,,·hule-da\s cfocu\\ion with 
l'onscnsus reached round a scientifically acceplahle cxpla11alio11.. 
Assertion 6/53 
lnfom1ation and i,fras dcn:lopcd with or gffcn 10 111J1vidual groups ah,o need to he given to the whi,lc 
class. 
Assertion 6/54 
Visits to groups may be used to review previous work or t,ndcrstandings and make links to i;um:nt 
understandings. 
Assertion 6/58* 
Srudcnts may use teacher visits to their group to check their understandings and1or that they are 
working correctly on the assigned practical task. 
Assertion 6/44 
Where student interactions arc higher than that of the teacher, the teacher has more oppor1unity lo 
recognise students' understandings. 
Assertion 6/49* 
Because of the demands of supervising group work in a given class. teachers may miss \·isiting some 
groups which may disadvantage those groups. 
Discussions related to the development of understanding do not only occur in 
whole-class s ituations, but may also occur in small group discussions. especially when 
teachers visit groups. Teachers use a variety of strategics to ascertain what the students 
are thinking and, in classes where students offer limited infom1ation to the teacher. the 
teachers may read and comment on the students' work. This strategy is used to a lesser 
extent in classrooms where students offer more infom1ation. It is an cffccti\'e way of 
checking understandings after a whole-class discussion has generated ideas and the 
students are recording infomrntion. The teacher/student discussion in groups may 
generate several different understandings, particularly' i f  the group is willing to listen to 
other members' ideas, but the teachers may not a\\\'ays indicate the correct response 
during the discussion. In this situation. the ideas need to be discussed \\·ith the whL)le­
class, giving those groups that have not been visited the opportunity to recognise other 
understandings. Teachers. when they arc less knowlcdgeabh:, may also accept 
inappropriate explanations from groups. lf thc concept is discussed later in  a \\'hole­
class setting, a more scicnti fie ally acceptable answer may be generated and recognised. 
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The quality of discussions is an important factor dctermi11ing opportunity fiir 
learning in science classrooms and General Assertions K N lead to Overarching 
Asscrlion 5: 
Overarching Assertion 5 
The strategies that teachers use in discussions have an effect on the engagement or 
othenvise of the students; the knowledge th� teacher gains o f  student 
understanding; the explanations that arc constructed; and the opportunities for 
student learning. 
Introducing students to scientific language and discourse is an important aspect 
ofscienr,e lessons, and much research has occurred around this theme. 
GE:'\ERAL ASSERTIO:--. 0 
Neither leachers nor students use science terms cffccth·cly. 
Assertion 5/18 
Teachers may not use scientific tcm1s consistently. 
Assertion 5/19 
Teachers may not explain all ofthc scientific terms they usc. 
Assertion 5/42* 
Students are unlikely 10 use many new scientific tem1s m their discussion'>. 
The teachers in  this study did not use scientific tenns consistent ly  or explain 
them clearly. Even teachers who have a good understanding of the topic may not be 
consistent in their use of tcnninology. and they may assume that stuJcnts understand the 
terms used. Primary science lessons arc complex environments. with a \·aricty of tasks 
to be completed and a wide range o f  interactions with stuUents. These factors and a 
limited knowledge of the concepts may contribute to poor use of science tenns. T cacher 
use and explanation oftcnns docs encourage students to use them but not to the extent 
expected and more opportunities and encouragement may be needed. 
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GENERAi. ASSEIHION P 
Student answers may be full and tlelailcd or fragmented and lcachcrs need to rcs1m11d hy 
summarising as ncl'CS!<o:lry. 
Assertion 5/37 
The students' ability 10 extend or justify their answers allows nuHe complete amwers lo he gcner:.iled 
and gives h:ad1crs mnn: opportunity to recognise understandings. 
Assertion 5/38 
Whcre explanations or studt:nt answers arc fragmented it is more diffkult for other studcnb tu 
construct undt:rstandings. 
Assertion 5/39 
Where teachers need to use many questions to help students respond, the fragmented answers need to 
be summarised to clarify the explanation. 
The classroom ethos and possibly the teacher expectations affects the way 
students respond to questions. There was an expectation in some situations that the 
students explain ful ly  and justify their answers; but in others the answers were very 
limited and often needed many questions by the teacher to generate a complete answer. 
If the answer is not then summarised it is difficult for students to recognise the complete 
explanation. When full answers are given by the students, their understandings are more 
easil y  recognised, and are more easily understood by the students. 
The language and explanations used in science classrooms are often less explicit 
than would be hoped for and these general assertions (0 and P )  lead to Overarching 
Assertion 6:  
/ 
Overarching Assertion 6 
Where teachers provide good explanations; science terms are clearly explained and 
used consistently; and student answers are summarised where necessary: students 
may develop better understanding, and their explanations will include more 
scientific terms than where these conditions do not apply. 
In primary classrooms, the teacher may select group members to meet specific 
criteria as was the case in this study. Hmvever, when selecting group members. the 
teacher does need to consider the possible group dynamics and ensure the group is likely 
to be functional. 
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GJo:NERAL ASSERTION Q 
Grou1, mt•111bcrs need to be chosen carefully a.� the social dynamics of a group may ;11lvcrscly 
nffocl lhe learning lhal occurs and lhc number of tasks that :ire complclcd. 
Assertion 7/60 
Thl' dwti:c of students to work logcthcr in groups needs !o lil' pl,mncd can.:fully lo avoid 
dysfunctional groups. 
Assertion 7/69 
The social dynamics of the group may af
f
ect their on-task behaviours. 
Assertion 7/70 
Groups which infrequently engage in extended social conversation demonstr&le more success in 
completing tasks. 
Assertion 7/72* 
Students who do not complete practical activities may find it more difficult to develop understandings 
In any group, situations may arise where students do not relate well, but, i f  the 
group is generally cohesive, these may ,mt cause difficulties. However, i f  a group is 
dysfunctional and the students do not have good group skills, i t  is unlikely to perfonn 
well and the set tasks mri..y not be completed. I t  is possible for a group to relate so poorly 
that l ittle learning can occur with the students demonstrating little interest in the 
activities and concerned only with the social relationships in the group. Most teachers 
would be aware of the group dynamics of the students and would avoid grouping certain 
students together but, when it docs happen, the learning will be limited. 
GENERAL ASSERTION R 
Groups need to be structured so that at least one student is capable of  taking the leadership role. 
Assertion 7/61 
A student may direct the group in an unobtmsive manner but still have the role of leader. 
Assertion 7/62 
The presence of a lender in a group, even if this role is rotated between students, facilitates group 
work. 
Leadership roles i n  groups can be taught and i t  is apparent that good leaders 
assist the groups in their task management and completion. The leadership role can be 
dynamic, changing from student to student as the necessity arises, or may be one student 
who helps direct the flow of the work over the whole lesson. Leaders do not need to be 
overt and possibly challenging, but a quiet leader can be just as helpful to the progress 
of work. 
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These General Assertions (Q and R) lead to Overarching Assertion 7 :  
Overarcbhig Assertion 7 
Where groups are cooperative and have an effective leader, they are likely to 
complete more tasks than groups C.at are uncooperative and lack effective 
leadership. 
Group activities arc frequently used in primary classrooms, particularly in science lessons, but the students may lack the necessary skills for effective group work. 
GE:\ERAL ASSERTIO:"I' S 
Students often lack the skills that allow a group to he eoopcrati\'C and smooth runnin� resulting 
in inattentinncss by students who arc less in\'Ol\'cd. 
Assertion 6/56 
Students need to be raught how to work collaboratively and to solve problems within a group 
situation. 
Assertion 7/65 
Students in groups need to ensure that all members are involved in the task. 
Assertion 7/68 
Groups need to be taught strategies to enhance attentiveness. 
Assertion 7/64 
Students with less knowledge in a mixed ability group may not participate as effecti\·l'ly in activities 
and discussions as those with more knowleJgc. 
Assertion 7/63 
Individual group members, either male or female, may use the equipment to the exclusion or partial 
exclusion of others. 
Assertion 9/89 
Groups that do not have the skills to work cooperatively arc less likely to impro\'e their urnkrstanding. 
of the concepts under investigation. 
Group work skills include ensuring that all members arc working together and that everyone has an opportunity to participate, but also that everyone is attentive and aware of what is happening. When all group members do not participate in the acti\·ities, the nonMparticipants may lose interest in the group based tasks although they may still improve their understandings. The lack of participation may be because other group members dominate the use of the equipment or the discussion, but may also he because of an inability to stay onMtask during group work. 
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C;}•:NJ.:H. AI, ASSERTION T 
Sludenh" often find it diffkull to dbrn,·s produl·livcly, .,hare idea., and re.,pond hl'lpfully during 
�roup work. 
Asse.tion 7/59 
Stmknis with a grl'a\l'r knowkdgc of the topu.: than other group 1rn:mhcr� may offer thcir inforrm1t1on 
or ide:is in a help lit\ or dictatorial mam1cr which may affect the development of undcrstandmg. 
Assertion 7/71 
Groups winch �·ngage in positive mtcractiuns demonstrate more succcs� in compkling tasks. 
Assertion 7/73 
Friendly interactions and clfoctive discussion skills provide more opportunities for learning and 
therefore better construction of undcrst,mdings. 
Assertion 7/74 
Students who engage ln cooperative discussion give all students in the group opportunities to devl.'lop 
understandings. 
Assertion 7/75 
Answers which include explanations allow more opportunity for discussion and learning. 
Assertion 7/76 
Students who are able to accept and build on comments from others have more opportunities to 
develop understandings. 
Assertion 7/77 
Students who engage in incidental discussion during activities as well as the discussions suggested by 
the teacher, have more opportunities to develop understandings. 
Assertion 7/81 
A framework for discussion, eg. a list of questions that needs responses. encnurages all the students to 
respond in a discussion. However, it may not necessarily result in good discussion. 
The skills of small-group discussion may be inOucnccd by good whole-class 
discussion, however, students need to realise that small-group discussion is different and 
requires different skills. Group dynamics have a big impact on the discussion that 
occurs. More knowledgeable students sometimes ovcr-rnlc suggestions made by less 
knowledgeable students, with the effect of alienating them from the discussion and 
reinforcing their oflcn more limited participation. It is unlikely that ncgati\·c comments 
would be made during whole-class discussions but they do occur in group discussions 
and positive, friendly interactions arc important to promote good discussion and 
maintain cohesion in the group. Students also need to realise that, to develop 
understandings and to assist other group members, discussion needs to occur outside 
that prescribed by the teacher. It did occur in the class where students were more 
independent and where the class discussion was of a higher quality than the other two 
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classes which may indicati.: that good whok-class dist:ussion may improve small group discussion. Tiu; use of  frameworks for discussion in lhc form of the supplied focus questions, helped to direct the studr.:nts' al\ention towards the topics for discussion, hut, where the studcnts did not have good discussion skills, thi: quality of the discussion \Vas 
not impro,·ctl. The discussion of thi.:sc Gcncral Assertions (S and T) lt.:a<ls to Overarching Assertion 8: 
Overarching Assertion 8 
Before a grnup .can function efficiently, the members need to develop the 
appropriate group work skills including those of cooperation, on-taskedness and 
discussion. 
The difficulties that students have in group work can be alleviated by teacher visits to the groups. 
GEN"ERAL ASSERTI0;'1. U 
Group discussion during group work time i.<, likely lo be restricted lo short \latcmcnts with 
limited u�c of scicntifk terms. 
Assertion 5/42• 
Students are unlikely to use many new scientific tcm1s in their discuss10n�. 
Assertion 7/78 
Group discussion in primary schools is often only made up of shon sta1cmcnts. 
Group discussion is  very different to that which occurs in the whole-class situation. Responses in whole-class discussions arc generally longer and may include explanations, whereas those in groups usually consist of shot1 statements. Student interactions arc frequently related to managing the task and oltcn the only scientific terms used are those which arc object names, such as battery and globe. Students often only engage in conceptual discussion when requested by the teacher and they need to learn to recognise opportunities when conceptual discussion would be appropriate. 
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<a-:NERAL ASSERTION V 
\\'hen groups :ire ,·isilcd hy lcachcrs, the group member'>' :i1tc11th·cncs, impro,·c'> .is docs the 
quality of the disl·w�siou. 
Assertion 6/43 
During lt.';.ichcr \'iS1ls to groups, till' number of mtcractmns from the teacher and the student\ arc 
usually similar in quantity ahhough teacher uth:ram.:c,, are gcrwrally longer. 
Assertion 7/67 
·nw attendance nf a teacher at a group improves gr01,p attcntivcnc�s. 
Ass�rtion 7/79 
T cacher support l'nab!cs murc constructive discussions to occur. 
Assertion 6/49* 
Becausl!' of the demands ofsupernsmg group work in a given class, teachers may miss v1�iting some 
groups which may disadvantage those groups. 
When teachers do attend a group, even if  they do not get involved in the discussion, their presence generally encourages the studcms to pay more attention to the task and may encourage them to ask questions or ask for ht:lp i f  the teacher is approachable. When teachers become invo\veJ in the discussion, they may be able to scaffold the discussion so that the students have an opportunity to listen to other ideas and build on others' understandings. However, it is possible that time constraints will result in some groups not being visited and these students are likely to be disad\'antaged. General Assertions U and V lead to Overarching Assertion 9: 
Overarching Assertion 9 
Where the group members do not have the skills for group work, the teacher's 
attendance at the group improves the attentiveness of students and the quality of 
the discussion. 
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The: tcachc:r·s managc1rn:nt style also influences their actions when stmknls an: having ditlicuhy with practical ,vork. 
<a:NEHAI. ASSEHTIO� W 
\\'hen CcaehHs :1sshl in the management or group work ii may impro,..·c 1c, .. 011 flow hut, if 
students arc 1101 in\"uh·ctl in lhe solution or prohlcrm. lht· managcmcul slralci,:ic, may 11111 he 
errcctin·. 
Assertion 6/57 
Tum-taking and cuopcrat1011 m groups may hy mamtaim:c..l by low key 1rnmagc1m:nt or \trong 
managi:mcnt Slllutions. 1 lowe\"c-r. imposed management �nlutwns may only work for a I imllcd ume. 
Students need to learn the skills that will make their group ,vork productive (Overarching Assertion 8) and, if these arc taught, the group work should improve and fewer problems should occur. However, where skills arc limited and students do not take responsibility for the task. teachers may need to intervene. Strategics where the students are involved in solving the problems are more effective than teacher imposed solutions, as these are not maintained by the students without on-going teacher intervention. 
GESERAL ASSERTION' X 
Where students arc unable to complete tasks, teachers ma)· correct problems for them or assist 
them to soln problems. 
Assertion 7/72* 
Students who do nol complete practical activities may find it more difficult to de\'clop 
understandings. 
Assertion 6/55 
Teachers find different ways of helping students with practical tasks, some of which may allow the 
students more opportunity to learn than others. 
Students may be disadvantaged when they arc unable to complete the practical tasks. Where teachers question the students to enable them to recognise where the error in the practical work may have occurred they provide better opportunities for learning, as the students need to become engaged in the problem and its solution. The students can then solve the problem themselves and correct it. However, when the: teacher corrects the problem for the students, they have less engagement with the task and the opportunities for the student to learn arc more limited. 
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General Assertions W and X lead to Overarching Assertion I 0: 
Overarching Assertion l 0 
\Vhen students are having difficulties either with tasks or with group skills, 
teachers should use ways of helping them that will improve their skills and 
understandings both of the task and group management. 
When students are attentive and engaged in the lesson, it would be expected that 
learning would occur. However, it would appear that students may learn in situations 
that appear to be less conducive to learning. 
GENERAL ASSERTION Y 
Where students are not demonstrating overt attention during group activities and discussions, 
they may experience fewer learning opportunities but may still be assimilating information. 
Assertion 7/66 
The students' level of attention during group work may affect their opportunities to learn. 
Assertion 9/90 
Students who do not appear to be overtly participating effectively in the group activities may still 
substantially improve their understanding of the concepts under investigation. 
It would be expected that students who did not appear to be overtly paying 
attention during the group work time would be disadvantaged. However, the results of 
this study indicated that, even when not appearing to be involved with the group tasks, 
some students still managed to improve their understandings substantially. 
Assertion 8/84 
GENERAL ASSERTION Z 
Student learning occurs in  many situations. 
Even when infomtation is not presented clearly and effectively by the teacher in the whole-class 
discussion students may still improve their understanding of.i concept. This may be through whole­
cl.iss internctions or from interactions with other group members. 
Assertion 7/82 
Even when students appear ina\lentive during whole-cl.iss discussions they m.iy still be paying 
attention. 
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Student learning may occur in a varidy of situations, the most overt of which is during whole-class discussions. l lowcvcr, when students do not appear lo he al\cnding during the whok-class discussions. they may he still lish:ning lo some of thl: explanations. They may :Lisll karn from other situations, including with111 group intcraL·tions. or from olhcr dass memhcrs. These two general assertions ( Y and ZJ lead to Overarching Assertion 1 1 :  
Overarching Assertion 1 1  
Student learning may occur even when the process is not obvious. 
Summary 
This study has examined in detail. the teaching and learning behaviours in three primary science classrooms. The original intention of the study. to look at interactions, needed to be extended as there were many factors, such as the use of curriculum resources and management strategics. that influenced the interactions that occurred, and they could not be examined in isolation. As described in Chapter 2. a wide \·aricty of factors impact on the learning that occurs in primary science lessons. This study adds supporting data to many pre\'ious studies, but also offers new data and considers a wide ranue of foctors that influence students' opportunities for learning in primary science lessons. 
Classroom Ethos With the \'Cry different classes that were in\'CStigatcd it was apparent how much the classroom ethos affected the lessons, particularly in whole-class discussions, and in the teachers' interactions with groups. Because of the willingness of the students to be more involved in lessons where the classroom was supporti\'c and the teachers were friendly. the students had far more opportunities to question and to learn and the teachers had more opportunities to discover what the students were thinking. Motivation and the effect of the social environment has been discussed (Driver & Oldham. 1 986) and Fraser ( 1 99 1 )  rchned a positive classroom environment to improved student outcomes, but the affect on the involvement of students in science lessons in primary classes docs not appear lo hm·c been considered. This factor appears to have had a major impact on learning as the students in the class that was very teacher-controlled with a 
304 
teacher that was distanced lfom the students, dcmonstruh.:d considcrahly less 
invol\'cmcnt and showed h:ss improvement in understanding. 
Curriculum Use 
The changes that teachers make to curriculum materials havc hccn slUdicc.l 
(Arditzoglou & Crawley, 1 990; Gilbert at al., I 982; Smith & Nculc, 198')) and this 
study also recorded some inadvertent curriculum changes. J-lowevcr, in this study, sornc 
changes were made to fit the teaching style or the teacher and the learning style of the 
students. This docs not seem to have been considered prr.viously and, particularly in 
primary classrooms, is likely to occur, as teachers frequently adapt their teaching to suit 
the cohort \Vith which they arc engaged. Where changes made by teachers in this study 
were inappropriate, or sections of the curriculum were omitted it appears to have 
reduced opportuni t ies for learning and students' development of scientific conceptions. 
Types of Interactions 
When the types of interactions were examined it was found that most were 
managerial, whether the discussions were with the whole class or in individual groups. 
Even in  the classes where the students were allowed independence and demonstrated 
responsibility, there were more managerial utterances than any other type. It would be 
expected that the level of management in primary classes would be high, but at Year 7, 
students should need less teacher attention than in earlier grades. The level of 
managerial interactions is a concern because this must limit the time available for 
conceptual discussion. This was noticeable when the teachers were attendmg groups, as 
there was little conceptual discussion occurring in two of the three classrooms. Group 
interactions have been studied (Solomon, 199 1 ;  Webb, N., 1982, 1985) but there has 
been little discussion of  the types of  interactions that teachers engage in when visiting 
groups. In this study most interactions that teachers had with groups were not only 
managerial, but also tended to solv� problems, either of behaviour or task, for the 
students. This limited the students' opportunities to develop group skills and develop 
more scientific understandings. When the teachers engaged in conceptual discussion 
with the groups the discussions were often inconclusive with students lefl with 
unscientific understandings, or unsure which answer was acceptable. 
Discussions and Demonstrations 
Teacher knowledge 
The effects of teachers' knowledge on their science teaching have been 
extensively studied. This study !·.as generated data that support the findings of  
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Arditzoglou and Crawley ( l 990) and Smith and Neale ( 1 98 1 )  that teachers often have 
scientifically inr·orrcct understandings am.J also offl:rs data from primary classes that 
support Hashwch 's ( 1 987) study that irnlicatc<l that kss knowlcdgcahlc sccondary 
teachers were unahlc lo recognise.! incorrect umkrstandings held by studcnts. There is 
also <lat.i from the study ofprinwry science lessons to support the findings that Carlsen 
( 1991) and Sanders et al. ( 1 993) made in secondary science kssons. These indicated 
that teachers with less knowledge may limit the discussion; maintain light control over 
the content and direction of  the discussions; and allow students Jess opportunity to 
question and discuss thus reducing opportunities for learning. 
Discussions 
M uch of the data generated about the level and type of questioning supported 
previous studies (eg. Cunningham, 1 987; Gage & Berliner, 1 992). However, this study 
has indicated that some teachers may only use op�n questions when predictions arc 
required, rather than when explanations about phenomena arc being generated. The 
information that was generated through discussions with groups was often not 
disseminated to the whole c lass, and, where the discussions with the groups did not 
reach closure, the concepts \.Vere often not clarified in the \Vhole-class discussion. 
It was also demonstrated that, to maintain the level of interest during class 
discussions and demonstrations, there needed to be variety and animation, and as many 
of the students as possible should be involved. Where the same types of demonstration 
were constantly used, or the discussion was not animated and interesting, the students 
became off-task. Any demonstrations needed to be visible to the students and it was 
better if  the students were not distracted by equipment during demonstrations and 
whole-class discussions. 
Berliner and Rosenshine ( 1 977) and Tasker ( 1 98 1 )  indicated the need for links to 
be made between and within lessons. This study confim1s that primary teachers val)' in 
their abilities to make links i n  science lessons and may not be aware that students may 
not connect parts of  lessons or individual lessons together. 
Many studies have looked at the use and understanding of scientific tenninology 
in classrooms and, in  this study, the teachers' use and explanations oftcnns was limited. 
However, in the class where the teacher did use more scientific tenns consistently and 
did explain many of  them, the students generally only used the tcm1s that were object 
labels, and did not use many of the conceptual tcmlS. 
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Group \Vork 
In this study, the lt.:vcl of  group work skills was gcm:ral ly limitcd, although 
groups comprising cooperative students managed the activities an<l discussions 
reasonably well. However, although the teachers had used group work consistently, the 
ski11s of ensuring all members participatc<l; ski I ls of resolving interpersonal problems in 
groups; and skills of constructive discussion were limited. The notion that male s1 udcnts 
dominate the use of equipment (Kahle & Lakes, 1983; Whyte, 1 984) was not supported 
by this study, but students of any gender domin:itcd the use of equipment and limited 
the use by specific group members, who were also not involved in the group 
discussions. It was difficult to decide whether the non-participation was lotally imposed 
by the group or whether the students withdrew from the activities and discussions. 
Kempa and Ayob ( 1 99 1 )  argued that students were unlikely to learn if the non­
participation was imposed by the group, but all three of the Focus Group students in this 
study who did not participate in activities and discussions made considerable gains in 
understanding. 
Students who were allowed to progress at  their own rate and who were given 
responsibility for their own progress, were more involved in the activities and were 
more likely to stay on task. Although there arc many studies related to group ,vork, this 
aspect of science lessons does not appear to have been investigated, although Roth 
( 1 995) considered that, in his study in secondary classrooms, the students were more on­
task because of their ownership of the task. Ownership in the science lessons in this 
study was l imited, but where an element of mvnership was allowed by group 
management of the task, the students were more on-task. 
The study demonstrated that the time allowed for activities i n  group work needs 
to be carefully monitored so that the students have enough time to complete the task but 
do not have the opportunity to be off-task for any length of time. When this happens, 
students are likely to lose the flow of the lesson. 
Primary science lessons are a complex l earning mi lieu and there arc many 
teacher and student behaviours that impact on the learning that occurs. This study 
analysed i n  detail the different levels of discussion and activity and found that, even 
when the concepts had not been clearly explained by the teachers er students, students 
still managed to improve their understanding. 
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Figure 10.2. Teaching and learning for conceptual growth and change: Aspects that may 
affect learning including those generated by this study 
In Chapter 2, Figure 2.2 showed the aspects of lessons that could have an effect 
on the changes in understanding that might occur in primary science lessons. This study 
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has extended the understanding of some ofthcsL: but had abo found other factors that 
will affect tht: kaming that occurs (Figun: 1 0.2). 
The new factors dcmonstrakd by I his study that appear to havr.: a major impact 
on learning arc the classroom ethos, the managcment strategics and styles of  the teacher; 
the teaching style of the teacher; the level of  involvement of the students; and the lcvcl 
ofn:sponsihility and indcpcn<lcncc thc students arc allowc<l. 
This Chapter has brought togcther all the data collected in the study. The next 
chapter looks at the limitation, conclusions and implication of these findings. 
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CHAPTER 1 1  
Limitations, Conclusions and Implications 
Limitations 
This research involved case studies in a small number of classrooms with 
students of a limited age-range as participants and, as such, has limited gcncralisahility. 
However, the amount of background infonnation obtained about the schools, teachers, 
students and context of situation may allow readers to relate the findings to other 
situations. 
The students in the second school were in their last tcnn at primary school and 
t1.1eir teachers stated that this was affecting their behaviours. This did not appear to 
affect the science lessons as most inappropriate behaviour appeared to be related to the 
teaching methods that were being used. Some data were not accessible because of  
recording difficulties, but the missing infonnation could often be  inferred from the 
context. 
In each class, only the equivalent of four lessons and only one topic area were 
studied. Extending the length of the study, including other science topics and providing 
more opportunities for the students to apply their learning to other situations may have 
improved the learning and provided richer research data. 
A delayed posttest would have provided data that would have added to the study, 
but this was not possible as most students were at the end of their last year at primary 
school and moved on to a range of high schools. 
Conclusions 
This section relates the findings of the study to the research questions. It initially 
discusses the secondary research questions and then relates the findings to the primary 
research question. 
Secondary Research Questions 
How does the teacher present the science topic and offer initial explanations 
and instructions for activity work? 
The teacher's method of introducing the topic is strongly affected by his/her 
management and teaching styles. Overarching Asse11ion 3 suggests that, if behaviour 
management and task management are organised so that mert control mechanisms are 
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used less, the lesson will llmv smoothly and students are more likely to stay on task 
with less teacher intcm1ptions, and the time avuilahk for conceplu.i\ discussion will he 
increased. The study included classrooms that were strongly tcachcr-ccntn:d anJ h:achcr 
directed, and classrooms which allowed the students more rcsponsihility. Whcrc the 
classroom is tcachcr-ccntrc<l, the teacher tends to giv<.: firm an<l specific instructions and 
ensures that the students know what they arc cxpcch:d to do, allowing little fn:edmn of 
investigation or responsibility. S/hc expects the students to follow the instructions and 
students who move away from this framework arc likely to he brought back on-task 
quickly. This ensures that the acti vitics are completed but this style of introduction docs 
not encourage students to think about the activities or to extend their learning. In the 
less-teacher centred classroom, the students are given the instructions and arc expected 
to follow them, with the teacher requiring the students to take responsibility for their 
tasks. However, students are still likely to be reprimanded when they have changed the 
investigation, although new discoveries arc more likely to be positively evaluated and 
may be shared with the class. This style of introduction allows the students to think 
about the tasks, and more opportunities for learning occur. 
Overarching Assertion 2, which suggests that when teachers do not use the 
curriculum materials as intended, the students \ViJI be disadvantaged unless the teacher 
has a very good understanding of the topic and is able to provide an alternative sequence 
of learning experiences that provide opportunities for developing the intended \earning 
outcomes, also relates to this research question. The method o f  introducing the lesson 
was influenced by the teacher's teaching style with Mr Avery using an introduction that 
gave all the students, even those who had no knowledge of electric circuits, a starting 
point. Mr Carter vsed more open-ended tasks and presented challenges to the students 
which engaged their attention. In both situations, the changes to the curriculum did not 
affect the learning that would occur because both teachers had sufficient knowledge of 
the topic to make appropriate changes, and the changes only affected a small part of the 
lesson. 
Overarching Assertion 4 argues that, when a teacher 's understanding of the topic 
and his/her knowledge o f  alternative frameworks is restricted, this will affect the quality 
of explanations and discussion and limit the learning opportunities that arc available to 
the students. Where the teacher's knowledge is limited, s/hc will follow the curriculum 
materials, a positive move in that it results in the materials being used as designed. 
However, the teachers will not be able to add to the materials to increase the students' 
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interest or help those who arc less knowledgeable. Whc.:re the tcadll:ri; are more 
knowlcdgeahk they ,.ire ahk I() add more interest to the introdut.:tion, anti may, like Mr 
Carter. consider aspects orthe investig;1tion that were not induded in the lesson outlines 
such ,1s safety. They an: 1.1\.'iLl able to adapt the lesson to fit thc.:ir teaching style and thc.: 
students' learning stylt.:. This may n:sult in better learning as the students an: lt:arning in 
a more appropriate way. 
How do the discussions that take place between students during group 
activity work and the way the activities are managed affect student participation 
and the opportunities for learning? 
There are many 1110uences on the interactions and activities that occur in groups. 
Overarching Assertion 7 argues that, where groups arc cooperative and have an effective 
leader, they are likely to complete more tasks than uncooperative groups or those 
without a leader. It was apparent that the presence of a leader in a group had a positive 
effect on the discussions and in task management. The Focus Group in Mr Carter 's 
class, which did not have a leader, had difficulty staying on-task, discussing 
cooperatively or completing tasks. The students in this group were unable to work 
together cohesively and illustrated the necessity for group membership to be planned 
carefully and changed if a group is dysfunctional. The improvement in understanding 
that occurred in this group was generally low. The groups that had leaders demonstrated 
some construction of understanding during their discussions, although their ideas were 
not necessarily correct. Some of these understandings were retained until the posttest 
although they would also have been reinforced by other teaching. 
Although all the classes in the study had regular experience of group work, many 
students did not demonstrate good group work skills. Before a group can function 
efficiently, the members need to develop the appropriate group work skills, including 
those of cooperation, on-taskedness and discussion (Overarching Assertion 8), and these 
skills were not apparent in some oft he group work that occurred. Groups that do not 
have the skills to work cooperatively and engage all the students in the activities and 
discussion, and are unable to manage situations where conflict occurs, limit the 
discussion in the group and restrict the opportunities for learning. Mr Avery's Focus 
Group demonstrated good group work skills and their improvement in understanding 
was substantial, although they did also have the advantage of a competent teacher. Mr 
Carter's Focus Group lacked any group work skills with poor discussion and 
management of activities and this group demonstrated the least improvement in 
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understanding. In all the groups there were students who were not willing to listen to all the ideas that were presented and. because of the lower status ofa  group member, did not accept his/her scic11titic itleas. This disadvantaged some groups in some situations but, where the: concept was latcr <liscussi:d in the whole-class discussion, any incorrect understandings wc:re addressed. Most of the: discussion that occurs during group work is related to managing the task with a small amount or conceptual discussion occurring, usually when requested hy the teacher. There is also some social talk, with this varying between students and groups. with some group members such as Ryan and Katy in Ms Brown's Focus Group, frequently engaging in social discussion, although the rest of the group were less likely to participate. In Mr Carter's Focus Group, the social discussion was a large component of the total interactions, with all the students involved although the composition of the group resulted in the interactions generally being quite negative. Small group discussion when managing tasks may offer opportunities for learning and the constructio:i of understanding, particularly when the practical task illustrates a concept such as the connecting points in a circuit. However, i f, as happened in all the Focus Groups, one student is not included in the activity, s/he could be disadvantaged. In the study, three students who participated less than other students, both in the activities and the discussions, all made a substantial improvement in understanding indicating that passive and non-overt participation may not necessarily limit learning. The use of worksheets with discussion points included can motivate and focus some discussion, but this only occurs if the students are following the worksheets, and are not being restricted by changes to the curriculum materials. Explanations and meanings may be constructed during group work, but this only occurred occasionally during the study. Generally, even when asked to discuss by the teacher, the discussion was limited. Group discussion may result in the development of unscientific understandings and, unless these are addressed at some point in the lesson, the students may retain these as learning outcomes. Overarching Assertion 6 argues that, where teachers provide good explanations; science terms are clearly explained and used consistently; and student answers arc summarised where necessary; students may develop better understanding and their explanations will use more scientific tcm1s than when these conditions do not apply. In the study, the teachers' use of scientific terms relating to concepts had little effect on the 
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group discussion with no group using them frequently in the discussions. l lowevcr, the 
teachers' use of terms varied with no h:acher using all scientific terms consistently. 111 
Mr Avery's focus Group it appeared that Mr Avery's style or discussion an<l his 
expectations of fully justilicd answers may have inlluem.:ed the way the n:sponses and 
suggestions were made in the group, with students sometimes of!Cring explanations for 
their statements. allowing the other group nH:mhcrs an opportunity to accept their ideas 
an<l improve their umlcrstan<ling. 
The classroom c l imate may have some effect on tile discussion that occurs in 
groups. Overarching Assertion I argues that, in a supportive an<l friendly classroom. 
where the teachers demonstrate an interest in the students' ideas an<l discoveries, the 
students arc more likely to become engaged in learning. A supportive classroom 
encourages the students to put forward their ideas and. i f  the classroom ethos carries 
over into the group work, the group members will respond positively. However, even 
when the classroom climate is less positive, i f  the group members have been chosen 
carefully and/or the students have good group work skills, the interactions and activities 
may still be productive. 
Overarching Assertion 3 discusses behaviour and task management and the 
effect on lesson flow, student attention and conceptual discussion. Where students had 
responsibility for continuing the task in their groups without waiting for teacher 
instructions, they remained more motivated and were less likely to be off-task. Off-task 
behaviour would be likely to affect the learning as it would fragment the lesson. 
The teacher's visits to groups also influence the interactions and development of 
understanding and this is discussed next. 
How does the teacher interact with groups and hm,· does this influence the 
teacher's and students' participation and opportunities for learning'? 
Teachers interact with the group members in the same style as they interact with 
the class and this has an effect on the wil lingness of the students to offer suggestions 
and ideas or to question the teacher's statements. Overarching Assertion 1 argues that. 
in  a supportive and friendly classroom, where teachers show an interest in the students' 
ideas and discoveries, the students arc more likely to become engaged in learning. 
Where the teacher is friendly, as Mr Avery and Mr Carter were, and demonstrate a 
willingness to listen to the students, the students arc more likely to offer ideas that arc 
unusual and to ask questions when they do nut understand. This gives the teachers more 
opportunity to recognise students' ideas and facilitate the discussion to address any 
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unscientific understandings. Where the teaclwr is less rc\axeJ with the students, as was Ms Brown, the students' rmswers arc likely to be more restricted and they are Jess likely to question the teacher, restricting the opportunities the teacher has to recognise and address unscicnti lic unJcrstandings. In all the cbsscs most lcacher/group interactions were managerial, although there were less of these in Mr Carter's class than either of the others. All the teachers used a similar percentage of behaviour manag(.!ment utterances with the majority of the managerial utterances relating to the task, whether a practical activity or written. Overarching Asst:rtion 3 discusses behaviour and task management and the effect on lesson flow, student attention and conceptual discussion. Generally, when teachers visited groups, the interactions were unlikely to distract the students from the task and usually helped solve problems. However, any conceptual discussion was often limited. Mr Carter was the only teacher who used much of his group visit time for conceptual discussion, allowing the students to manage more of the task themselves. He also engaged in the optimum method of helping students with practical tasks that was demonstrated in this study, which also helped the students develop understandings. When the students were having difficulty with the practical activity, he asked questions which directed the students to the problem and gave them the opportunity of solving it .  Both Mr Avery and Ms Brown's task management offered students fewer opportunities to develop understandings with Mr Avery often correcting the circuit whilst explaining what he was doing. For effective learning, students need hands-on experience and, although watching Mr Avery correcting the circuits was useful, it was less effective than i f  the students did the work. Overarching Assertion 1 0  argues that, when students are having difficulties either with tasks or group skills, teachers should use ways of helping them that will enable them to improve their skills and understandings both of the tasks and of group management. The teacher's knowledge affects the interactions, and Overarching Assertion 4 argues that i f  a teacher's understanding of the topic and his/her knowledge of alternative frameworks is restricted, the quality of the explanations and discussion, and the teaming opportunities available to the student, will be limited. This may result in teachers either not recognising the unscientific understandings that students have, or the teachers may, if they have alternative frameworks themselves, reinforce the unscientific beliefs of the students. Both these scenarios occurred in Mr Carter's class. l f thc understandings are not discussed later with the whole class, the students may be left with unscientific 
3 1 5  
understandings. Thi: whok-dass discussion may gcneratc new ideas which may he 
recognised by students as more scientifically valid than their own, cvcn if the teacha's 
knowk<lge is not good. 
On�rarching Assertion 6 argues that kachers' use of explanations and science 
vocabulmy may affect the students' explanations :1n<l use ofscicncl: vocahulary. Jn all 
the classes the teachers' use of scientific tcnninology was limited when they visited the 
groups and there were limited examples of the teachers encouraging good explanations 
and use of vocabulary. 
Overarching Assertion 9 suggests that, where the group members do not have 
the skills for group work, the teacher's attendance at the group improves the 
attentiveness of students and the quality of the discussion resulting in more 
opportunities for learning. This was particularly apparent in Mr Carter's class \Vhere the 
Focus Group were unable to \vork constructively without teacher attention. 
In whole-class settings, how does the teacher manage the discussion to bring 
together the reports of group discussions and develop scientific understandings, 
and what factors influence the students' participation and the opportunities for 
learning? 
When the classroom ethos was friendly and supportive, the level of participation 
in  whole-class discussions was high, with students offering suggestions and ideas and 
questioning information given by the teacher (Overarching Assenion 1 ) .  This was very 
obvious in Mr Avery's classroom and sometimes occurred in Mr Carter's lessons. 
The management strategies that teachers used had a major impact on the learning 
that was likely to occur. Some behaviour management strategies were intrusive and 
fragmented the lesson, giving the students less opportunity to follow the sequence of the 
lesson, whereas others allowed the lesson flow to continue and brought reprimanded 
students back on-task without disrupting the lesson. Overarching Assertion 3 considers 
that, when behaviour and task management arc organised so that overt control 
mechanisms are used less, this will have an effect on the lesson flow, with students 
more on-task and more time for conceptual discussion. 
The ways the teachers managed the discussion varied. Ms Brown tended to keep 
a tight control over the direction and content of the discussion, allowing no discussion 
outside her parameters, limiting the students' interest and their opportunities for 
learning. Teachers sometimes accept and use student questions outside of the prescribed 
lesson plan to extend students' understanding, but this only occurs when the teacher has 
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the knowledge to respond, and is willing to use class time lo discuss othcr concepts. Thl: lessons in the study \Vere fairly structun:d, but there docs seem to he, with some teachers, still a curriculum driven mo<le of teaching which insists that thc curriculum materials arc closely rol\owcd. Both Mr Avery and Mr Carter stcppcd outside the framework of the curriculum in the study on several occasions an<l al lowed a variety of extensions to occur. When a teacher's un<lcrstan<ling of the topic and his/her knowledge of alternative frameworks is restricted, the quality of the explanations and discussion, and the learning opportunities available to the student, will be limited (Overarching Assertion 4). I f  the teachers have altemative frameworks, they may reinforce the unscientific beliefs of the students, as occurred in Mr Carter's class. Teachers who are more aware of the range of understandings that students have are more likely to use open questions in a variety of situations to generate discussion and ideas. Ideally, they then need to direct the discussion so that the students generate an acceptable scientific understanding. This occurred in Mr Avery's class and sometimes in Mr Carter's. Often, as occurred in Ms Brown's class, the discussion is limited and, once the teacher accepts an answer as correct, the students are expected to accept this, a strategy which is unlikely to produce a long term change in understanding. The shortened discussion limits the richness of explanations and changes in understanding. The discussion style of the class, teachers and students, will influence the amount of learning that can occur. Overarching Assertion 5 argues that the strategies used by teachers i n  discussions have an effect on the engagement or otherwise of the students; the knowledge the teacher gains of student understanding; the explanations that are constructed; and the opportunities for student learning. Where teachers accept l imited answers from the students they are less likely to recognise the understandings that the students have and the other class members arc provided with only limited explanations from which they can develop understandings. I f  students offer reasons for their answers, or justify them, as was the case in two classes in the study, they allow the teacher more opportunity to recognise the thinking that has produced the answer and address any errors, and richer explanations arc provided for their class mates to consider. It i s  possible that, where teachers provide good explanations; science tcnns arc clearly explained and used consistently; and student answers are summarised where necessary; students may develop better understanding and their explanations will use 3 1 7  
more scientific terms than when thcsi: condition!- tlu not apply (Overarching Assertion 
6 ). During the whok-c\ass discussio·� ... �llc qu.:11ity of explanations and use of scientific terms ,·aried with i\lr :\\'l."j oflCring the most scicntilic explanations and showing more consistency in 1,;s usi.: or  ti:rms. J l is studcnts developed a better understanding of science vocabulary than those from !hi.: other groups, hul their USl' of terms in discussions was limikd. The understanding ofst.: ientitic ,·ocahulary was more restricted in the other two classes. 
\\'hat understandings of science concepts do students develop and how arc 
these embedded in their laitguage'! The understandings that students develop reflect the knowledge of the teacher; the amount of discussion related to that topic; the emphasis that was put on the concept by the teacher; the ways in which understanding of the concepts was constructed; and the discussions that occurred in the groups. However, as indicated by Overarching Assertion 1 1 ,  some student learning occurred even when the process was not obvious and the concepts were either not clearly co\'cred or the student was inattentive. Students are more likely to develop an understanding of tangible, practical aspects such as the methods of constructing a circuit rather than the more abstract concepts that arc not visible, such as the direction of current flow, but this is still related to the amount of discussion of the concept and the emphasis put on the concept by the teacher. Propositions where the development of understanding by the students was l imited were: Propositon 2 (the amount of electric current in any part of a circuit will be the same) and Proposition 4 (when a circuit i s  connected and a globe i s  iit there is an electric current through all parts of the circuit including the battery) which were poorly covered by all teachers; and Proposition 5 ( electric current travels in one direction through a circuit) which was poorly covered by Ms Brown, and Mr  Carter had an alternative understanding which he taught. The propositions where the most learning occurred were: Proposition I ( if components have not been connected in a complete circuit there i s  no electric current in any component) in both Mr  Avery and Mr Carter's class which was covered well in both classes; Proposition 6 (some materials allow electricity to flow through them) in all classes, although the improvement was more substantial in Ms  Brown and Mr Carter's classes, both of whom used interesting ways o f  presenting the topic; Proposition 7 (which related to series circuits and the relationship of globe and battery voltage) in al\ classes; and, in Mr Avery's class, Proposition 3 Uoins in a circuit). 3 18  
Overarching Asscrlion 6 statc<l lhat when: teacher:,; provide good explanations; 
science lcnns arc clearly explained and used consistently; and student answers arc 
summarised where necessary; students may develop better understanding and their 
explanations will use more scientific terms than when these conditions <lo not apply. 
There was little science language usc<l by students with the few science terms used 
tending to be those related to tangible objects such as battery and globe but, as indicated 
previously, the use of scientific language by the teachers was inconsistent. 
Primary Research Question 
Hon· do interactions and discussions in primary science classrooms and the 
language used by teachers and students affect the meanings that students construct 
for science concepts? 
All interactions in primary science lessons arc affected by the complex 
environment of the classroom. They are affected b y  the classroom ethos; the curriculum 
materials and their use; the level of the teacher's knowledge of the topic and alternative 
frameworks; the types of discussion and questioning that occur and the strategies that 
are used to assist in  developing understandings; and the student behaviours and teacher 
behaviour management techniques. When the interactions occur in groups they are also 
affected by the cohesiveness of the group members; the level of group skills; the level of 
discussion; the group members' level of participation; and the roles that the students and 
the teachers take within group activities. The interactions affect the explanations and 
understandings that students develop, but the influences on the interactions, such as 
behaviours and management strategics, have a greater impact on them. The students' 
participated with more enthusiasm and interest in classes where the teachers were 
friendly and interested in the students and their work and questions. Where teachers are 
knowledgeable and use animated and interesting d iscussion techniques, with a wide 
range of demonstrations and methods of presenting infonnation, the students are more 
involved and their level of understanding improved, as happened in Mr Avery's class. 
The teacher's behaviour and task management techniques had a major impact on the 
students' level of attention and the smooth sequencing of the lessons, with intrusive 
behaviour management disrupting the class. 
The scientific language used by the teachers had little impact on the students' 
use of science terms. Mr Avery used more scientific tcnns than the other teachers and 
was generally more consistent in his language use and there was a slightly higher level 
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of use in the Focus Group from Mr Avery's class. Generally the scientific terms used by 
students were not those that rclcrrcd to concepts. 
The meanings that students construct for science concepts arc affected by the 
classroom interactions an<l to ;! lesser extent by the scientific language, but these, in 
tum, arc affected by all the factors that make up the complex milieu of a primary 
classroom. 
Implications 
Overvien' 
The implications generated by this study arc outlined in this section .  Initially, the 
overarching assertions are used to generate implications for teaching and curriculum 
development, and, in this section, some overarching assertions have been grouped as the 
subsequent implications relate to more than one assertion. Overarching Assertion 3 has 
been used in two places in this discussion, once relating to whole-class work and once 
to group work. The discussion then looks at the implications for research, suggesting 
some areas that merit further investigation. 
Implications for Teaching and Curriculum Development 
Overarching Assertion I :  \Vhen the classroom is supportive and friendly 
and the teachers demonstrate an  interest in the students' ideas and discoveries, the 
students are more likely to become engaged in learning. 
The study demonstrated the difference in student participation in supportive, 
friendly classrooms compared to less supportive classrooms. To encourage 
participation, teachers need to be aware of the way their behaviour affects the learning 
process and generate a friendly classroom environment, where the students feel secure 
and are therefore willing to offer a variety of ideas knowing that they will not be 
criticised fer not giving a completely acceptable answer or explanation. Both the teacher 
and other students need to be supportive of unusual ideas. 
The classrooms where students were willing to offer ideas and demonstrate their 
models or  understandings were also the ones where, when unsolicited student input 
occurred, the teachers offered praise and encouragement and treated the students' 
discoveries and input as important. Teachers need to realise that students require praise 
and encouragement to stay enthusiastic about tasks, and must also recognise that 
unsolicited information from the students ofien presents insights into student 
understandings. These insights also occur when a student queries something that has 
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occurred in lhc lesson, <luring a discussion or aclivity. These queries may demonstrate a 
lack o f  understanding and need for help, but may not be recognised as such an<l teachers 
need to be alcrl to these situations. 
Overarching Assertion 2: \Vhen teachers do not use the curriculum 
materials as intended, the students will he disad,· antaged unless the teacher has a 
very good understanding of the topic and is able to provide an alternative sequence 
of learning experiences that provide opportunities for developing the intended 
learning outcomes. 
None of the teachers in the study used the curriculum materials as intended 
resulting i n  some activities not being included and the appropriate learning not 
occurring, and other materials being taught inaccurately. The strategies and discussion 
that occurred were often dependent on the teacher's level of understanding of the topic 
and of alternative frameworks. The lesson outlines provided to teachers were based on 
curriculum materials that were available at the time and were changed by some teachers 
so that the materials would better fit their teaching style, sometimes limiting the 
learning that could occur. ·with the changes in focus of the Western Australian 
education system towards outcomes based education with a more student-centred 
approach, and the freeing-up of the curriculum so that teachers are able to choose topics 
and teaching styles that st:.it their classes, changes need to be made to provide more 
flexible curriculum materials that support a range of teaching and learning styles. Two 
o f  the teachers in the study had a more student-centred approach, with one choosing to 
change the activities into more open-ended activities, one of the approaches which has 
now been suggested by the new Western Australian Curriculum Framework 
(Curriculum Council, 1998). This study was conducted before the changes were 
instigated by the Department of Education o f  Western Australi a  but it does indicate 
l imitations in the materials which, i f  addressed, would help teachers implement some of 
the changes. New curriculum materials are available but still tend to have limitations. 
Curriculum writers need to consider the range of teaching styles that primary teachers 
use to cater for the range of abilities and the learning styles o f  students i n  their classes 
and materials need to be written to cater for differing styles o f  teaching. It would be 
helpful i f  curriculum materials were designed to allow the teachers freedom to adapt 
them to their teaching styles and to the needs of their classes, whilst maintaining the 
i ntegrity of the materials. 
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Curriculum materials provided for tcaclwrs, as in this study, may not he well­designed for primary tcachers who have limitcd science undcrstanding or diflicultics teaching scir.;ncc:. They need to include an ovcrvicw of thc topic which shows relationships between till! activities and the intcnded learning outcomes and indirntes those which arc essr.;ntial for the intended lcarning lo occur. The materials need a range of discussion points and <lemonstrations that coulJ ht: used and, because there is a nced for frequent relevant activities to produce conct:plual change, a range of activities and extensions. The teacher notes need to be concise, as primary tcachcrs have limitcd lesson preparation time and they need to bc couched in languag<.: that teachers without a science background can understand and include.: a glossary of t<:nns. Tcach<.:rs arc o ften still unaware o f  the extent of alternative frameworks that students may hold aml infomrntion about these should be provided. Professional development experiences arc needed to help teachers understand these issues. but they must be designed to at\ract the teachers who are not enthusiastic about teaching science. I t  would be also useful i f  there were materials available which would allow the students to work on the activities without excessive direction by the teachers, where they can progress at their own rate. 
Overarching Assertion 3: If behaviour management and task management 
are organised so that overt control mechanisms are used less, the lesson '"'ill flow 
smoothly and students are more likel)' to stay on task with less teacher 
interruptions, and the time available for conceptual discussion will be increased. The range of behaviour management strategics used by the teachers in !he study offered an insight into the ways in which the discussion could be ad\'crsc\y affected when they were intrusive and teachers need to be aware of this. There arc two aspects to behaviour management. There arc the strategies themselves, and there is the organisation of the classroom and lessons so ·hat their use is minimised. Where management strategies are needed, they should be used in a way that docs not fragment the d iscussion and distract the students from the d iscussion er activity. A major w hole­class behaviour problem may need discussion outside of the science lesson as students need to be involved in the solutions of problems so that they have ownership of the solution and are more likely to respect it .  Teachers need to be aware of the likely inattentiveness of students and ensure that discussion times are appropriately organised so that the students arc not d istracted by items on their desks. They should usc a range of  strategies to engage the students; and ensure the d iscussions are interesting and animated. 322 
Onrarching Assertion 4: When a tc:1chcr's understanding of lhc topic and 
his/her kno,\' ledgc of alternative frameworks is restricted, this will affect the 
quality of explanations m1d discussion and limit the learning opportunities that arc 
arnilahlc to the students. 
Overarching Assertion 5: The strategics that teachers use in discussions 
have an  effect on  the engagement or otherwise of the students; the knowledge the 
teacher gains of student understanding; the explanation."i that arc con."itructcd; and 
the opportunities for student learning. Student engagement in whole-clas:. discussions is essential if s cienli lie changes in understanding arc to occur. and the study indicated that the range of strategics a teacher used. and the style of the discussion, had an impact on the attention the students paid to the whole-class discussion. Teachers need to impro,·e the quality of class discussions that occur by improving teacher and student input. To hold the students' interest, discussion needs to be lively and interesting with many participants. The teachers need to be willing to accept a variety of answers and manage discussions so that the students arc im·ol\"ed in constructing understanding and the generation of a scientific view. Thi s  would include teachers learning to use open questions effectively. and C\'aluating student responses in an appropriate way. I f  the students arc generating ideas that \,·ill he tested, or the correct idea is to be disseminated later, the C\'aluation needs to be neutral. In other s11uations it may be necessary to state whether the response is  correct or not and cxplain the reasons. Teachers also need to be able to summarise the points ofa discussion to bring the ideas together and make links with the students· understandings. Links a!so need to he made through regular reviews of the work covered, and the use of a concept map or a similar strategy would show the understandings developed and could be built on each week, but links also need to be made across the curriculum so that science is not seen in isolation. Discussion and questioning are probably the areas in which it i s  hardest for teachers to recognise their needs and are also areas where professional den::lopment opportunities might be limited. These arc, however, areas that need attention. Teachers also need to make use of the infonnation and activities suggested in the curriculum materials and, if they have the knowledge, expand on these to provide more learning experiences for the students. They should also try to use a variety of strategics and, even if their science knowledge is limited, they should have the teaching experience to be able to provide activities and discussions that generate infonnation in a 323 
variety of ways. Teachers should he aware of their limitations and choose resources that 
increase their content knowledge and faci litatt: the students' search for scicnti fie 
answers, but should also improve their science knowledge so that they arc able to 
recognise opportunities for learning when they occur. Teachers require professional 
development related to science which is not threatening to the teacher who is not 
enthusiastic about teaching science. 
Overarching Assertion 6:  Where teachers provide good explanations; 
science terms are clearly explained and used consistently; and student ans,\·ers are 
summarised where necessary; students may develop better understanding and 
their explanations ·will use more scientific terms than where these conditions do not 
apply. 
The use of scientific tem1s and explanations by teachers and students in this 
study was generally disappointing. It indicates that many teachers find it difficult to use 
these tenns consistently and correctly and exp hi!! their meanings. Teachers should use 
science tenns correctly and consistently themselves, modelling their meaning and use, 
and encourage the students to provide good explanations and use the correct 
terminology. They also need to provide opportunities for students to use science terms 
appropriately. 
The use of science terms should be integrated across the curriculum so that the 
students have an opportunity to use them in different situations, cg. spelling, dictionary 
skills. This might enable them to recognise the range of meanings for tem1s and identify 
the science meaning. 
If, as suggested, curriculum materials include glossaries of tcmts and clear 
explanations of their meanings, primary teachers with limited science knowledge would 
have a resource that would help alleviate their limited use of science language. 
Overarching Assertion 7:  Where groups are cooperative and have an 
effective leader, they arc likely to complete more tasks than groups that are 
uncooperative and lack effective leadership. 
Overarching Assertion 8: Before a group can function efficiently, the 
members need to develop the appropriate group work skills including those of 
cooperation, on-taskedness and discussion. 
Group work is frequently used in science lessons and is a focus of the new 
initiatives from the Department of Education of Western Australian. Teachers need to 
ensure that the students in a group are able to work cooperatively without major 
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personality clashes, and need to promote a positive and supportive classroom climate 
providing a model for group interactions. Students often do not have the level of skills 
required to participate effecti vely in groups and, hcforc group work is used, it is 
essential that group work skills arc taught and then reviewed each time group work 
occurs. Students need to accept the responsibility for task completion when working in 
groups, and need strategics which will assist them. They should he aware of the roles 
that they need to take in group work, and should ensure all group members arc involved 
i n  the activities and discussion. They also need to understand how a discussion should 
be conducted, how infommtion should be communicated and how to manage di fferences 
of  opinion during discussions .  
This is another area where teachers require professional development so that 
suitable skills development programs are implemented in all schools. 
Overarching Assertion 3: If behaviour management and task management 
are organised so that overt control mechanisms are used less, the lesson n·ill flon· 
smoothly and students are more likely to stay on task with less teacher 
interruptions, and the time available for conceptual discussion will be increased. 
Overarching Assertion 9: \Vhere the group members do not have the skills 
for group work, the teacher's attendance at the group improves the attentiveness 
of students and the quality of the discussion. 
Overarching Assertion 10: \Vhen students are having difficulties either with 
tasks or with group skills, teachers should use ways of helping them that will 
improve their skills and understandings both of the task and group management. 
Implications for teaching 
The teachers in the study used their visits to groups in a variety of ways and for a 
variety of purposes producing a range of learning outcomes. Teacher visits to groups 
need to be managed carefully to ensure that they are effective and useful. I f  students are 
involved in practical activities and arc having difficulties, teachers should have 
strateg!es available which wil l  facilitate students' problem solving rather than giving 
them the solution. Teachers should facilitate discussion rather than managing it, an 
ability which should offer the students a role model for discussion; and facilitate the 
students' efforts to solve interpersonal problems. Teachers need to hand over the 
responsibility for group work to the students, and take on the role o f  facilitator rather 
than manager, but, because of the positive effects that effective teacher-group visits 
produce, they need to organise their time so that all groups are visited during group 
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activity time. These strategics may require longer group work time and result in more 
time being required for this type of lesson. 
Teachers, as part of their role when visiting groups, should facilitate the use of 
good group work skills, but may also nccll to facilitate problem solving within the 
group. However, the students must be involved in decision making when there arc 
problems so that they have ownership of the solution. If the teacher needs to use 
behaviour management strategics, they should be used in a way that docs not disrupt the 
teaming that is occurring in the group. Teachers also need to manage group discussion 
time perceptively, so that the time is of a suitable length to effect productive discussion, 
but not so long that the students become off-task. 
Overarching Assertion 1 1 :  Student learning may occur even when the 
process is not obvious. 
Students in this study showed evidence of learning even when it would appear 
from the data that there were no overt opportunities for learning. This indicates that 
learning can occur in any circumstance and that teachers need to use a variety of 
situations and methods to engage students in learning. The whole-class discussions 
should be an important source of infonnation for the students, but to increase the 
opportunities that students have for learning, the same phenomena and ideas need to be 
presented in a variety of ways at different times. There should be frequent opportunities 
for group discussion or discussion between students, with teacher input to ensure that 
the understandings constructed by the students are valid. The practical activities should 
be designed so that discussions and understandings can be generated from these. 
Implications for Research 
This study has indicated the value of case study styles of research that reveal the 
number, complexity and subtlety of factors influencing learning. To further develop the 
findings of this study, research w0uld be useful in a variety of areas. Intervention studies 
are needed to ascertain whether training teachers to use more effective whole-class and 
teacher-small group discussion strategies can improve student learning. Of particular 
interest would be investigations into changes from managing discussion to facilitating 
discussion, and encouraging students to elaborate on their answers. Investigation into 
the management, both reactive and proactive, of student behaviours would also assist 
the management of discussions and may improve learning outcomes. A fm1her 
intervention study needs to investigate whether training students in cooperative learning 
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skills such as adopting appropriate group roles and managing conflict within group 
activities would not only improve group work but also improve learning. 
More infornrntion is also needed about how learning occurs in lessons. One area 
which would benefit from further investigation is the learning that is demonstrated by 
non-participant or passive students, particularly in group work, but there also needs to 
be research into the sources of student learning, particularly when i t  is unclear how the 
learning occurred. 
Research is also needed into the curriculum needs of primary teachers. It is 
apparent that changes may be needed in curriculum materials to cater for the range of 
teaching and learning styles that occur in primary classrooms and primary teachers 
should have the opportunity to have input into the development of these. 
Linking to curriculum needs is the necessity for relevant, non-threatening 
professional development in science and teaching science. Teachers who are hesitant 
about teaching science often are also unwilling to attend professional development in 
science. Research is needed to ascertain the type of professional development that they 
might be willing to attend. 
In Conclusion 
The findings of this study have produced challenges for both curriculum writers 
and teachers and it would be likely that many of these findings would be reOected in 
other teaming areas, as they are not always specific to science. The in-depth analysis of 
classroom life has provided some useful insights into the myriad influences that affect 
teaching and learning in primary science lessons and has demonstrated how 
opportunities for learning can be enhanced or negated by these influences. The 
challenges in this study need to be met to improve the learning opportunities that occur 
in primary science lessons. 
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APPENDIX I 
QUESTIONNAIRE: TEACHER l!ACKGROUND INFORMATION 
Teacher's name 
TEACHING EXPERIENCE: 
How long have you been teaching primary school? - - -- - -- - ­
How long have you been teaching year 7? 
How long have you been teaching year 7 science? 
How many primary schools have you taught at? State 
What year levels have you taught? 
HIGH SCHOOL 
What science did you do at high school? 
Type of science 
General science 
Physics 
Chemistry 
Biology 
Other (please indicate type) 
Teaching Diploma or Bachelor of Arts (Education): 
When you did your Diploma or B.A. did you 
Only take the core units in science 
Take additional electives in science 
Private --- --- - -
To what year level 
8 9 10 1 1 12 
8 9 10 1 1 12 
8 9 10 1 1 1 2 
8 9 1 0 1 1 12 
8 9 10 1 1 12 
Yes/No 
Yes/No 
If you can remember write down the type of areas your electives covered. 
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FURTHER UNIVERSITY STUDY 
I fyou lrnve completed any other studies at university or college did you take any 
science units. I r so can you please list them or the areas they covered. 
Degree Units studied 
Other study: 
Have you attended any seminars or workshops related to science teaching Yes/no 
Ifso, can you please give as much information about them as you can: 
Organised by Topic Any other information 
List any other experiences you may have had relating to science education which might 
have had an impact on your science teaching: 
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APPENDIX 2 
SEMI-STRUCTURED INTF:RVIEW QUESTIONS FOR TliACll!sR 
INTF:RVIEWS 
How often do you teach science? 
How long arc the periods'? 
Arc there any interruptions, e.g. staff meetings, assemblies 
What topics do you teach? 
V.'hat topics have you taught so far this year? 
What topics would you plan on teaching for the rest of this year? 
What did you teach last year? 
Do you have set topics or do they develop from things that have happened or 
students' interests? 
How do you think the students in your class develop science understandings? 
What things do you do that might help the students to develop their understandings? 
How good do you think the understandings are that they develop? 
How do you structure your lessons? 
Do the students work individually, with partners or in groups? 
Do they do activities or do you demonstrate? 
What sort of activities might the students do? 
Do you find hands-on activities a problem in any way? 
• behaviour 
• equipment 
• clearing up 
How do you feel about children talking during science? 
What sort of things might they discuss? 
What other talk goes on in the science classroom? 
• instructions 
• whole class discussion 
• children asking questions 
• what type of questions are they likely to ask 
How do you think students feel about science lessons? 
Do you feel that science is an important part of the cun-iculum? 
Does science ever creep into other areas of teaching? 
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APP�:NDIX 3 
DIAGRAMS SUPPLIED WITH LESSON OUTLINES 
DIAGRAM 4 SIMPLE ELECTlllC CIRCUIT 
• 
" 
/ 
DIAGRAM 5 TORCH CIRCUIT 
REFLE TOR 
• • • • 
BATTERIES 
342 
APPlcNDIX 4 
PRE AND POSTTEST 
l .  
Here arc lwo batteries that have not yet been used. Is 
there an electric current in the batteries? 
Yes No 
Explain why you think that 
2. 
This time the batteries have wires attached. Is there 
any electric current in the battery now? 
Yes No 
Explain why you think that. 
3 .  
Is there any electric current i n  the wires? 
Explain why you think that. 
Yes No 
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4. 
A torch has three l .5v batteries in it as shown 
in the picture. The torch is switched on and the 
globe is glowing. Do you think there an 
electric current through the batteries? 
Yes No 
Explain why you think that 
5. 
(Ul1 ( (,[ ffi� 
Five students have all suggested different ideas about the electric current through the 
batteries. Circle the idea you think is best. 
(a) Batte!)' number 1 will have the most electric current 
(b) Battery number 2 will have the most electric current 
(c) Battery number 3 will have the most electric current 
(d) Batteries numbered 1 and 3 will have more electric current than number 2 
(e) All batteries will have the same amount of electric current 
Explain why you chose the answer that you did. 
6. 
The torch normally has a 4.5v globe. What would happen if you put a 1 .3v globe in the 
torch? 
Explain why you think that will happen. 
What would happen if you put a 6v globe in the torch? 
Explain why you think that will happen. 
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7. 
These are ordinary torch 
batteries that have been 
connected in different ways to a 
torch globe. Circle the pictures 
where you think the globe will 
light. Explain why the circuits 
you chose will l ight up. 
t;;' 
Why won't the globes in the other circuits light? 
8. 
Here are some more electrical circuits. Circle 
the one(s) you think wil l  light the globe. 
Why do you think the circuits wil l or will not 
light? 
A 
I ' 0 
� 
- C 
.0 
&� 
0 
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9. 
A battery is connected lo a torch globe as 
shown. The globe is glowing and there is some 
electrical current !lowing through the wires. Put 
some arrows on the picture to show which 
direction you think the electrical current is 
flowing through the wires. 
Explain why you think the current will flow like that. 
10. 
�· A 
B 
Here is a series of statements about the amount of current flowing through the wires in 
the picture for number 9. Circle the one that you think is closest to being right. 
(a) There is no electric current in wire B 
(b) There is some electric current i n  wire B but less than in  wire A 
(c) There is the same amount of electric current in wire A as in wire B 
(d) There is more electric current in wire B 
(e) There is no electric current in wire A 
Explain why you chose the answer that you did 
1 1 .  
D o  you think there is any electric current in the battery? - - - - -- - ­
Explain why you think that. 
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12 .  
Which or the circuits in  this picture would 
make the light globe glow brightest? 
Why do you think your choice will be 
brightest'? 
13. 
,_ 
·--
,_ 
' 
Which of the circuits in the picture for question 1 2  would allow the globe to light for the 
longer time? 
Why do you think your choice will last longer? 
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APPENDIX 5 
SEMI-STRUCTURED INTERVIEW QUESTIONS USING INTERVll<:W­
ABOUT-INSTANCE CARDS 
Note: The questions arc in the same order as the test. The pictures arc the same as the 
test pictures apart from the questions rclatcc.l to globes i n  series and parallel. 
l .  Unused Batteries 
Here are two batteries that have not been used yet. ls there any electric current in the 
batteries? What makes you say that? 
2. Batteries with wires attached 
This time we have the same batteries but they have some wires attached. Is there any 
current in the battery this time? What makes you say that? 
3. ls there any current in  the wires'? What makes you say that? 
4. Torch 
A torch has three 1 .5V batteries in it as shown in the p icture. The torch i s  switched on 
and the globe is glowing. Do you think there an electric current through the batteries? 
What makes you say that? 
5 .  Five students have all suggested different ideas abou t  the electric current through the 
batteries. Which one of these ideas do you think is best? 
(a) Battery number 1 wil l  have the most electric current 
(b) Battery number 2 wil l  have the most electric current 
(c) Battery number 3 wi l l  have the most electric current 
(d) Batteries Hurnbered 1 a,1d 3 will have more electric current than number 2 
(e) All batteries will have the same amount of electric current 
What made you choose that answer? 
6a. The torch nommlly has a 4.5V globe. What would happen i f  you put in a 1 .3V 
globe? Why do you think that will happen? 
6b.What would happen i f  you put a 6V globe in? Why do you think that would happen? 
7. Variety of circuits 
These are ordinary torch batteries t!1at have been connected in various ways to torch 
globes. In which of these pictures is the globe likely to light up. Why wi l l  the circuits 
you chose light up? Why won't the globes in the other circuit light up? 
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8. Circuits with nail and wood 
Somebody built these circuits trying lo work out which ones woul<l lighl an<l which ones 
wouldn't. Do you think any of them would work? Which ones? Why do you think the 
others wouldn1t work 
*or 11Why don1l you think they will work? 
9. Circuit with lit light globe 
A battery is connected t o  the torch globe as shown. This time the globe is lit up and 
there is electrical current flowing through the wires. Show me on the picture which way 
you think the electrical current is flowing. 
Explain why you said that. 
1 0. Here is a series of s tatements about the amount of current flowing through the wires: 
{a) There is no electric current in wire B 
(b) There is some electric current i n  wire B but less than in wire A 
(c) There is the same electric current in wire A as in wire B 
( d) There is more electric current in wire B 
(e) There is no e lectric current in wire A 
Why did you choose that answer? 
1 1 . Do you think there is any electric current in the battery? What makes you say that? 
Batteries in parallel and in series 
1 2. Which of these circuits would make the globe brightest? Why do you think that one 
will be brightest? 
13 .  Which would allow the light to remain lit for longest? Why do you think that one 
will stay lit for longest? 
Globes i n  parallel and series 
14. Which circuit would have the 
brightest globes. Why do you 
think that one will have the 
brightest globes? 
, ' 
Diagram for Question 14 
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APPENDIX 6 
SAMPLE ANSWERS AND SCORES FOR PRE AND POSTTESTS 
Note: Where the score given was zero, the answer dcmonslratccJ no understanding. 
Question Scnrc Sample Answer 
l .  lien.: :m: two batteries that have not yet 3 The ba!lcrics have to be in a circuit to have a 
been used. Is there an clectrie current in the currcnl 
batteries? Explain why you think tlwt. 2 You need to join the batteries together with a 
wire or something like alligator dips to get un 
electric currl!nt 
1 It has no wire and/or globe 
2. This time the bancrics have win:s attached. 3 It is not a complete circuit 
Is  there any electric current in the baltcry 2 The baltcrics an: not attached to anything 
now'? Explain why you think that. 1 lt's not leading to anything 
3. ls there any t:lectric current in the wires'! 3 l11cy'rc not forming a circuit and do not 
Explain why you think that. connect with anything else 
2 Nothing is joining the wires 
1 They aren't cmmccted to anything 
4.  A torch has three 1.5v batteries in it as 3 They form a circuit and the electric current 
shown in the picture. 1 1e torch is switched on can flow negative to positive 
and the globe is glowing Is there a current 2 It flows through the balteries and to the globe 
through the batteries'? Explain why you think 1 The batteries arc joined and that makes a 
that. current 
5. Five students have all suggested different 3 As current is going into battery 2 from banery 
ideas about the electric current through the one and then battery 2 pushes out the same 
batteries. Circle the idea you think is best. amount of electricity that just came into it 
(a) Battery number I will have the most 2 The electricity doesn't stay in the batteries ii 
electric current. moves on continuing around the circuits 
(b) Battery number 2 will have the most 1 All the batteries will have the same amount of 
electric current. current because they arc all joined together 
(c) Battery number 3 will have the most 
electric current. 
(d) Batteries numbered I and 3 will have more 
electric current than number 2. 
(e) All batteries will have the same amount of 
electric current. 
Explain why you chose the answer that you 
did. 
6a. The torch normally has a 4.5v globe. What 3 The globe would blow because the amount of 
would happen if you put a 1.3v globe in the volts arc too high for the globe 
torch? Explain why you think that will 2 It would blow became there is too much 
happen. electricity in it 
1 You have three batteries 
6b. What would happen if you put a 6v globe 3 There isn't enough volts in the three 1 .5 volt 
in the torch? Explain why you think that will batteries lo light the 6 volt globe to its full 
happen. 2 brightness 
There wouldn't be enough power for 1he globe 
1 6 volts is too much for 4.5 volts 
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Question Si.:orc Sample Answer 
7a, 'l11csc arc ordinary torch batteries th.it J They arc joined in a circuit with negative to 
have been connected in different ways to u rosilivc 
torch globe Circle the pictures where ynu 2 There.; is an electric current through the battery 
think the globe will light. E:,:p\ain why the wire and globe 
circuits you chose will light up. I They arc joined correctly 
7b. Why won't the globes in the other drcuits J '11lcy do not Jrnvc an electric current passing 
light'! through them (where previous answer showed 
knowledge or an electric c ircuit) 
2 They arc not conm:ctcd iu a circuit (No 
knowledge or limited krmwkdgc indicated by 
previous answer) 
I They aren't joined correctly 
8. Here are some more electrical circuits. J The wood will not becuusc it is a non 
Circle the one{s) you think will light the conductor meaning electrons cannot now 
globe. Why do you think the circuits will or through it while they cun flow through metal 
will not light'? because metal is u conductor 
2 Electricity can't travel through wood but it 
can travel through metal 
I A will work because a nail is metal B would 
not work because wood is not metal 
9. A bunery is connected to u torch globe as J l11e electrical current flows from negative to 
shown. The globe i s  glowing and there is positive in a cycle 
some electrical current flowing lhrough the 2 111c battery brings the left over currents in the 
wires. Put some arrows on the picture to show top and out the bottom 
which direction you think the electrical I Negative goes to positive 
current is flowing through the wires. Explain 
why you think the current will flow like that 
10. Here is a series of statements about the J The electricity flows evenly in the wire battery 
amount of current flowing through the wires and globes 
in the picture for number 9. Circle the one that 2 [fthe circuit goes in a circle then the electric 
you think is closest to being right. current should be the same 
(a) l11ere is no electric current in wire B. I It goes round in circles 
(b) There is some electric current in wire B 
but less than in wire A. 
(c) TI1ere is the same amount of electric 
current in wire A as in wire B. 
(d) There is more electric current in wire B. 
(e) 111cre is no electric current in wire A. 
Explain why you chose the answer that you 
did 
1 1 . Do you think there is any electric current J In order for the electric circuit to now in the 
in the battery? Explain why you think that. circuit it has to g o  through the battery 
2 l te electric current goes from positive to 
negative 
I It comes back in the negative side 
12. Which of the circuits in this picture would 3 No responses scored 3 
make the light globe glow brightest'? Why do 2 The electricity travels through the battery and 
you think your choice will be brightest'? has double the amount of power 
I It's using both the batteries· power 
13 .  Which of the circuits in the picture for J No re�po11.\'l'S scored 3 
question 1 2  would allow the globe lo light for 2 Even though it has two batteries the second 
the longer time? Why do you think your battery is there a s  a sort or backup so it 
choice will last longer? doesn't shine as bright but shines longer 
I The second battery is there to boost the first 
battery 
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Lesson/ 
Record 
Lesson 2 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
388 
389 
390 
Activity 
WCD 
Extract from Mr Carter's Whole-Class Discussion During Lesson 2 which Involved Conceptual Understandings 
Speaker Proposition Speech Off-task Context 
Behaviour 
I 2 3 4 5 6 7 8 G C L H 
t X Who can tell me a common property of all T T Mr Carter standing close to the 
insulators. All the insulators. What's a T T focus group 
common property oftP- insulators. Probably 
the wrong way to go around but it might have 
been easier to ask conductors but bad luck I've 
asked the question, Peter F ' X They're non metallic F 
t X They're non metallic. Therefore, give me a F 
statement, therefore F 
' X Electricity won't flow through them F 
t X Electricity won't flow through them. Fair F 
enough. F 
t X What else? Therefore what else? Come on F 
give me a few lhercfon: statements F 
s X Therefore the energy doesn't pass *"' T Mr Carter ka\'CS focus group 
Therefore the energy doesn't pass through it. F F area. �fovcs around classroom 
t X Therefore the energy doesn't pass through it. 0 F F Geoff has chin on arms. does 
Fair enough. 0 F F not appear to be listening 
s X X X X Therefore if* put it in a circuit it will break it. 0 F F 
0 
t X X X X I f  I like this one. ·111creforc i f  you put it in a 0 F F 
circuit It will break the circuit. Well done, 0 F F 
Roger 0 F F 
t X It doesn't matter. Allen 0 F 
s X Therefore lherc aren't enough electrons in it () F 
0 F 
t X Therefore there aren't enough electrons in F 
insulators. Fair enough F 
z 
0 
X 
__, 
w 
u, 
w 
Extract from Mr Carter's Whole-Class Discussion During Lesson 2 which Involved Conceptual Understandings - cont. 
Lesson/ Activity Speaker Proposition Speech Off-task Context 
Record Behaviour 
Lesson 2 I 2 3 4 5 6 7 8 G C L H 
391 WCD t X Anything else? 0 
0 Colin clips an alligator clip to 
Gcoffs finger whilst he has his 
chin on his arms. Geoff swears 
394 t X Okay. Well tell me about conductors 
Colin is reprimanded 
You've 0 T Geoff chin on arms. :,.1r Carter 
told me about insulators tell me about I asks Colin for an answer. Colin conductors. is unable to respond as he has 
not been listening 
397 t X Exactly. Tell me about conductors. 0 
398 Colin X They make the light glow. 0 
399 t X They do indeed but I want to know something 0 
that's common about conductors, something 0 
that's common. Leigh 0 
400 s X 'fney all got metal in it. 0 
401 t X They contain metal. Mmm. l11at piece of 0 Linda raises hand 
plastic wire 0 
402 s X Yeah. I mean like it can only work if you F F 
touch the wire. F F 
403 t X So tell me a bit more about conductors then. 0 F 
404 s X Um they only work on uh wire or anything 0 F 
metal. 0 F 
406 t X Conductors. No, you you write it. Discuss it 0 F Students finding worksheets. 
in your group. Come up with a sentence that 0 F beginning to talk 
you can come gin· me that you can write 0 F 
down about conduc!llrs. You ha\'e to write 0 F 
down somewhere in your page ... Discuss 0 F 
what sentence your group is going to write. 0 F 
Activity - WCD - Whole-class Discussion; Spezkcr: - t - Mr Carter. s - student; Focus Group: - G - Geoff. C - Colin. L - Linda. H - Hekn 
Off task behaviour: - W - writing or drawing , U - using equipment, T - talking. F - general fiddling. 0 - other 
Extract from Mr Avery's Focus Group Conceptual Discussions - Lesson l 
Lesson/ Activity Speaker Proposition Speech Off-task behaviour Context 
Record 
Les'ion 1 I 2 3 4 5 6 7 8 A s J B p 
291 GW Pat X Where do you where do you think the electric u w w No response from group who 
current would be ** are drawing or building circuits 
WCD Mr A very calls for attention and 
asks about current flow 
Discussed what electric current 
is 
Instructions to discuss where the 
current is in the circuit and the 
direction of current flow 
GW Group continued with drawing 
and building - no discussion 
3 15  WCD Sue X What did we suggest um T T T L Quiet discussion within group 
316  Jon X It's it's running from positive to negative T T T L at start of whole-class 
317 Sue X 9kay T T T L discussion 
319  Pal X What T T T L 
320 Sue X I t  runs from the positive the negative T T T L 
Mr Avery's question: "Does 
anyone know where it (el,xrric 
currellt) starts and where it 
ends?" 
325 Bob X It ends al the plus Response to 1eacher·s question 
326 Jon X No. They mn from positive to negative T Quiet response to Bob·s 
T suggestion 
328 Sue X I do11·1 think that's riglll Response to student· s 
suggestion that current ..:::omes 
329 Unknown X No from both ends ofth,;; battery 
• ..... 
Extract from Mr Avery's Focus Group Conceptual Discussions - Lesson I 
Lesson/ Activity Speaker Proposition Speech 
Record 
Lesson 1 I 2 3 4 5 6 7 8 
WCD 
466 GW Sue X What about if they're both on the positive 
467 Pat X Then it gets hot while you're 
469 Sue X Oh it gets wam1 
470 Sue X Try it * won'1 get hot 
471 Sue X It only gets hot iflike ones going from the top 
to the bottom 
472 Pat X Yeah, yeah 
Ann was absent for this lesson 
Activity: Whole class discussion - Whole-class discussion; Group work - Group work 
Focus Group: A - Ann; S - Sue; J - Jon; 8 - Bob; P - Pat 
Off-task behaviour: T - talking, L - listening to group talk, U - using equipment, W - writing or drawing 
Off-task behaviour 
A s J B p 
u 
u u 
Context 
Discussed connecting points on 
the globe 
Instructions to construct circuits 
using two wires, a banery and a 
globe. Jon and Bob fiddling. 
Sue and Pat working together, 
Bob and Jon sometimes 
working alone and sometimes 
together. Pairs riid not appear to 
interact with each other. Girls 
constructed scYeral circuits that 
go1 hot 
APPI\NDIX 8 
LIST OF ASSER'I'IONS 
Assortlon Suppur11ng cvidcni:c 
Assertion 5/1 l!cla!cd ll!xl 
Approximately hall' of the 1ntc1 actions in Chup. 5: Reviews (all teachers) 
primary science lessons of the type slud1l.'d 
rchitc to managcmcn1 ci1twr nf the task or 
or student bch:wiour. 
Assertion 5/2 Rclu1cd text 
When the c!.1ssrou111 is friendly students arc Chap. 5: Whole-class discussion (all •,,achcrs) 
mon.! likely to participate fully i11 both the Chap. 6: Student participation (all tc·1chcrsJ 
discussions and the activities, offering ideas Chap. 8: Mr Avery's teaching uf Proposition 5, Lesson Ja 
and suggestions and questioning thc 
teacher's statcmcnts. 
Assertion 5/3 Rch1tcd text 
Students enthusiasm may be mcrcascd by Chap. 5: Whok-class discussion (all tc.ichers); Classroom 
the teacher's willingness tu listen to and nrnn:igcmcnt, (Mr Carter} 
comment on students' successes :ind ideas Cbap. 6 Student particip:ition (Mr Avery, Mr Carter) 
either in whok-cl;iss or individual settings. Chap. S: /vlr Avery's teaching of Proposition 3, Lesson l:i 
Assertion 5/4 Related text 
A variety of methods can be used to Ch:ip. 5: Treatment of current activities (Ms Brown); 
provide instructions for activities, some of Chap. 6: Gl·ncrn! (all teachers); Interaction between lc.ichcr and 
which arc imposed and some which allow groups (all teachers). 
students to exercise independence. Chap. S: Mr Avery's teaching of Proposition 3, Lesson 1 .  
Assertion 5/5 Related text 
Less intrusive use of control strategics Chap. 5: Cl.issroom management (.ill teachers); Whole-class 
helps to ensure that lesson flow is discussion (all teachers) 
maintained. Chap. 8: Mr Avery's teaching of Proposition 5 ,  Lesson la; Ms 
Brown's teaching of Proposition 5, Lesson 3 
Assertion 5/6 Related text 
When students arc moved to face the Chap. 5: Types of interactions; Reviews; (Mr A very); Treatment of 
teacher during whole-class discussions current activities; Student participation (al! teachers) 
st11dcnt attention and participation is Chap. 8: Mr Avery's teaching of Proposi1ion 5, Lesson la; t'l-1r 
improved. Avery's teaching of Proposition ], Lesson Ja 
Assertion 5/7 Related text 
When materials arc not available during the Chap. 5: Classroom 111,magcmcnt; Rcvil'WS (all teachers) 
discussions, student attention and Chap. 8 Mr Avery's teaching of Proposition 3, Lesson la 
participation is improved. 
Assertion 5/8 Related text 
Animated whole-class discussion using a Chap. 5: Whole-class discussion (a\l tcachcrs): Treatment of current 
variety of strategics helps to maintain activities (Mr A very); Reviews (Mr Carter) 
student interest and engagement. Chap. S: Mr Avery's teaching of Proposition 5 ,  Lesson 1 a. Lesson 2. 
Lesson 3; Mr Avery's teaching of Proposition 3, Lesson Ja, Focus 
group; 
Assertion 5/9 Related text 
Obtaining responses from many different Chap. 5: Whole-class discussion {all teachers); Reviews, Student 
students helps to maintain student interest. participation (Mr Avery, Ms Brown) 
Chap. 8: Mr Avery's teaching of Proposition 5, Lesson la; Mr 
Avery's teaching of Proposition 3, Lesson J a  
Assertion 5/10 Related text 
Questioning a variety of students allows the Chap. 5: Treatment of current acti\'itics, Student participation (Mr 
teacher to become aware of the range of Avery) 
undcrst.indings hc!d by the class. Chap. 6: Student participation (Mr Avery); lntemction between 
teacher and groups (Mr Carter) 
Chap. 8: Mr Avery's teaching of Proposition 5 ,  Lesson Ja 
Assertion 5/11 Related text 
A variety of types of questions elicits a Chap. 5: Treatment of current al'tivilics (all teacher$) 
wider range of responses from the students. Chap. 6: Interaction between teacher and groups (all teachers) 
Assertion 5(12 Rcl.itcd text 
Open questions may be used in  many Chap. 5: Reviews (all teachers); Trc.itmcnt of current activities (all 
situations to generate ideas and discussion. teachers) 
Chap. 6: Interaction between teacher and groups (all teachers) 
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Assertion Suppmling evidence 
Assertion 5/13 Related lcx1 
The use ufa variety of teaching aids and Chap. 5: Wlwlc-d11ss discussion (all teachers); J{cvicws /Mr Avery, 
tliagrams on the bl;1ckboanl ur from Mr Carl er); Trcalmcnt of" cu1 rent activities ( Mr A very J 
posters, with do.::ar explanations may assist Chap. 8: Mr Avery's !cad1ir1g u fi'1opusitiun 5, l.csson la, [,CSS()Jl 
in the development ofscicnlifil:,1!ly [ h, Figure 8. l ,  Changes lo students' undcrstmuJing, T.i1Jlc 'J. J ;  
ucccptahlc undc1standmgs. Mr Avery's leaching of l'roposiliun 3, Lesson I a 
Assertion 5/14 Related text 
lnformatinn p1ovidcd in curriculum Chap. 5: Reviews (ull lcachcrsJ; Treatment of" current activities (Ms 
materials may nut he cffcuwcly used. Brown) 
Chap. 8: Mr Avery's leaching of l'roposition 2, All lessons 
Assertion 5/15 Related text 
When parts of a lesson arc missed, teachers Chap. 5, rie11iews (all teachers) 
do not always recognise that they arc Clwp. Ci: Gcncrnl (all tc.ichcrs) 
omitting a part of the curnculum and this Chap. 8: Mr Avery's leaching of Proposition 2, Lesson !a, Focus 
will have a negative impacl on lcarnmg. Group 
Assertion 5/16 [{elated text 
Using analogies helps students co relate Chap. 5 :  Whole-class discussion (Mr Avery); Use of time and 
abstruct ideas to things that they understand interactions during lessons 
imd provides opponunities for learning. 
Assertion 5/17 Rcbted text 
Some tcuchers dcmonstrnte little knowledge Chap. 5: Treatment of Current Activities (all teachers) 
of students' alternative frameworks. Chap. 8: Ms Brown's teaching of Proposition 5 ,  Lesson 1 
Assertion 5/18 Related text 
Teachers may not use scientific tcnns Chap. 5: Teacher and class interactions, Use and understanding of 
consistently. scientific vocabulary and scientific discourse (all 1eachcrs) 
Chap. 8: Mr Avery's te:iching of Proposition 2, Lesson I a, Lesson 
lb, Lesson 3 
Assertion 5/19 Related text 
Teachers may not explain all of the Chap. 5: Teacher and class interactions, Use and undcrstandmg of 
scientific tem,s they use. scientific vocabulary and scientific discourse (.ill teachers) 
Chap. 7: Use llnd understanding of scicnnfic \'Ocabulary and 
scientific discourse (all teachers} 
Chap. 8: Mr ,\vcry's teaching of Proposition 5, Lesson I .i: Ms 
Brown's teaching of Proposition 5. Lesson 1 
Assertion 5/20 Related tc.xt 
Teachers with a good knowledge of the Chnp. 5: Treatment of current activnies (Mr A \'cry, Mr Carter) 
topic arc able use a wider variety of Chap. 8: Mr ,\vcry's teaching of Proposition 5, Lesson I a: Mr 
contexts for developing Ideas. Avery's teaching of Proposition 3, Lesson 1 a 
Assertion 5121 Related text 
Teachers with a good knowledge of the Chap. 5: Whole-class discussion (Mr Avery, Mr Car1cr); Treatment 
topic allow the ideas and activities to be of current activities (Ms Brown) 
extended by students and arc able to Ch.ip. 0: Student participation (Mr A1·cry, Ms Brown); General: 
comment on and evaluate these. lntcrnction between teacher anti groups (Mr Carter) 
Chap. 8: Mr Avery's teaching of Proposition 3, Lesson l a  
Assertion 5/22 Related text 
When students nre moved to the front of the Chap. 5 Whole-class discussion (all teachers); Reviews (Mr A1'cry) 
class during discussions or demonstrations, Chap. 8: Ms Brown's teaching of Proposition 5, Lesson l 
student attention and participation is 
improved. 
Assertion 5/23 Related text 
Where student blackboard drawing is Chap. 5: Whole-class discussion (Mr A very); Treatment of current 
completed when the other students arc still activities, Student participation {Ms Brown) 
working, the students arc more likc!y 10 pay Clrnp. 7: Focus group work habits (Ms Brown) 
attention when the drawings arc brought to Chup. 8: Ms Brown's teaching of Proposition 5, Lesson 1 : Lesson 3 
their notice. Mr Avery's teaching of Propo�ition 3, Lesson l a  
Assertion 5/24 Related text 
Where blackboard drawing is accompanied Chap. 5: Wholc-cluss discussion (all teachers) 
by teacher explanations, the students' Chap. 8: Ms Brown's teuching of Proposition 5. Lesson l ,  Lesson J: 
attention is better and they have more Mr Avery's tcuching of Proposition 3, Lesson l b  
opportunity to recognise the ideas of other 
class members. 
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Assertion 5/25 Relaled text 
Where a tc:1cher's undcrst;mding ofu  Chap. 5 :  Treatmcn1 of  current activities (Mr Outer) 
concept is limited s/he m;iy 110! recognise Clwp. 6: Interaction between teacher and groups (Ms Brown, Mr 
students' cxpl,11wtwns based on alternative Carter} 
frameworks and may accept ur 1cinforce 
lhl'SC. 
Assertion 5/26 Related 1ext 
The te;icher's 1-.nuwlc Jge of the topic Chap. 6: Interaction between teacher .iml groups (ull 1c.ichcrs) 
affects the quality ui· i1is/her explanations. Chap. 8: Mr Avery's teuehing uf l'ruposition 5, Lesson !u  
Mr Avery's teuching of Proposition 3, J,csson I b 
Assertion 5127 Reluted 1cxt 
Clear and accurnte explanations from the Chap. S: Tre.ilment of current activities (ull tcachers) 
teacher give the students the opportunity to Chap. 6: Interaction between teacher .ind groups (Mr Avery, Ms 
develop scientifically uccep1ablc Drown} 
undcrst.indings. Ch.ip. 8: Mr Avery's leachmg of Proposition 5, Lesson la, Lesson 
I b, Remaining Lessons; Figure 8 . 1 ,  Changes in umlcrst.itl(Jing, Table 
8. 1 ;  Ms 13rown's teaching of P.oposition 5, Lesson la, Lesson 2, 
Lesson 3 ,  Figure 8.2, Changes in understanding, Tables 8.2, 8.3 
Mr A very 's teaching of Proposition 3, Lesson la; Mr Avery's 
teaching ofi'roposition 2, Lesson !a, Lesson lb; 
Assertion 5/28 Related text 
The tone ofa teacher's voice may cue the Chap. 5: Treatment of current .ictivitics ( all teuchcrs} 
students to the correct response. Chap. 8: Mr A\'cry's te.iching of Proposition 5, Lesson l a  
Assertion 5129 Related text 
The correct answer needs to be identified Chap. 5: Treatment of current activities (ull tc.ichersJ 
when a vuricty of responses arc accepted Chup. 6: Interaction between teacher and groups (all teachers) 
for an open question. Chap. 9: Mr Avery's teaching of Proposition 5, Lesson 1 a; :-.fr 
Avery's teaching of Proposition 3, Lesson 1 a 
Assertion 5130 Rcl.ited te.�t 
The generation of a variety of ideas leads Chap. 5: Whole-class discussion (Mr Avery, Ms Brown) 
students to recognise and question other's Teacher and class interactions (all teachers); Student participation {all 
ideas. teachers) 
Chap. 8: Mr Avery's teaching of Proposition 5, Lesson la;  Ms 
Brown's tc.iching of Proposition 5, Lesson l ;  Mr Avery's teaching 
of Proposition 3, Lesson !a, Focus Group 
Assertion 5/31 Related text 
Regular reviews give students who ha\'e Chap. 5: Reviews (all teachers) 
been absent for one or more lessons un Chap. 8: Ms Brown's teaching of Proposition 5, Lesson 2 
opportunity to find out wh.it has been 
covered. 
Assertion 5/32 Related text 
Students have more opportunities to Chup. 5: Figures 5 . 1 ,  5.2, 5.3, 5.4, 5.5, 5.6; Types of interactions 
construct understandings when time is during whole-class discussion - Reviews (all teachers) 
allowed for regular, effective reviews of Chap 6:lntcraction between teacher :md groups (Mr Caner) 
work to be conducted. Chap. 8: Mr Avery's teaching of Proposition 5, All lessons, Figure 
8 . 1 ,  T.iblc 8 . 1 ;  Ms Brown's teaching of Proposition 5, Lesson 2. 
Lesson 3, Figure 8.2, Compurison of1caching, Table 8.3; i\fr Avery's 
teaching of Proposition 3, Al l  lessons, Figure 8.8, Changes in 
understundings, Table 8.4 
Assertion 5/33 Rclutcd text 
Reviews directed by the teacher arc likely Chup. 5:Rcvicws (ull tcachcrs) 
to be more comprcflensivc than those where Chap. 8: Mr Avery's tcuching of Proposition 5, Lesson l a  
student responses guide the discussion. 
Assertion 5/34 Related text 
Where links arc not clearly made between Ch.ip. 5: Reviews (ull tcuchers) 
purls ofa lesson and/or individual lessons, Chup. 6: Interaction between teacher and groups (all teachers) 
students may have more difficulty Chap. 8: Mr Avery's teaching of Proposition 5, Lesson la ,  Figure 
constructing understandings. 8 . 1 ,  Changes in understandings, Tublc 8. 1  
Mr A vcry's teaching of Proposition 3, Lesson la, Remaining lessons, 
Figure 8.8, Changes in understandings, TablcS.4 
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Assertion 5/35 Related text 
The students' involvement in the Chap. 5: Whole-class diseussion (Mr /I.very, Ms Brown); Teacher 
construction ofc,.plmrntiuns during and cl:iss interactions {all teachers); Student participation (all 
discussions helps to niaintain interest t1m! teachers) 
allows 1hcm more opportunities tu dc\'clop Ch:1p. 8: Mr Avery's leaching nf/'roposi1inn 5, [.csscm la; Ms 
understandings. Brown's teaching of 1'1 uposition S, l.csson l ;  Mr A vcry's teaching of 
Proposition 3, Lesson !.i, Focus Group 
Assertion 5136 Related text 
When students lire interested and involved C'hap. 5: Wholt:-d1ls�· discussion (1111 tc.ichcrsJ 
in the discussion ;rnd activities they arc Chap. (1: Studcnt JM1icipa11un (all teachers) 
more likely to usk questions ::md of
f
er Chap. 8: Mr Avery's leaching of l'rupusit10n 5, Lesson la; Ms 
suggestions. Orown's teaching of Proposition 5, Lesson la, Lesson 3 
Assertion 5137 Rclnted text 
The students' ability to extend or jl1slify Chup. 5: Whole-class discussion (Mr Carter); Treatment of current 
their answers allows more complete act1\'itics (Mr Curter J; Types of interactions-Reviews-Student 
answers to be generated and gives teachers purticipation (Mr Avery); Student participation (Mr Avery, Ms 
more opportunity to recognise Brown) 
understandings. Chap. 6: Interaction between teacher and groups (Mr Avery, Mr 
Carter); Student participation (all teachers) 
Chap. S: Ms Brown's teaehing of Proposition 5, Lesson l 
Assertion 5138 Related text 
Where explanations or student answers arc Chap. 5: Reviews, Student partieipatmn (Ms Bro\\n) 
fragmented it is more difficult for other T rcatment of current activities (Mr Caner) 
students to construct understandings. Chap. 8: Ms 13rown's teaching of Proposition 5. Lesson l 
Assertion 5139 Rcl.ited tc.�t 
Where teachers need to use many questions Chap. 5: Rel'iews- Student participation (Ms Brown) 
to help students respond, the fragmented Chap. 6: lntcrac11on between teacher and groups (Mr Carter) 
answers need to be summurised to clarify Chap. 8: Ms Brown's leaching of Proposition 5, Lesson l 
the explanation. 
Assertion 5140 Related text 
When students arc involved in meaningful Chap. 5: Whole-class discussion (all teachers) 
demonstrations they and the rest of the Chap. S :  Mr A\·cry's teaching of Proposition 5 ,  Lesson I a: 
class arc more attentive. 
Assertion 5141 Related text 
When students arc involved in evaluating Chap. 5: Treatment of current activities (Mr Avery) 
and correcting bluckboard diagrams, there Chap. S: Mr Avery's teaching of Proposition 5, Lesson 1 a, Fig. 8 . 1 , 
arc more opportunities for the development Changes in undcrstandmg. Table S.2: Mr Avery's leaching of 
of scicntiticul!y acceptable understandings. Proposition 3, Lesson 1 a, Lesson 1 b, Focus group. Fig S.S. Chungcs 
in understanding, Tuble 8.4 
Assertion 5142 Related text 
Students arc unlikely to use many new Chup. 5: Use and understanding of scientific rncabuh!Ty and 
scientific terms in their discussions. scientific discourse, Student use of scientific vocabul:iry (all teachers) 
Chap. 6: Use of scientific language (all teachers) 
Chap. 7: Use and understanding of scientific Yocubulary and 
scientific discourse (all teachers) 
Assertion 6143 Related text 
During teacher visits to groups, the number Chap. 6: lntcrnction bctWCL'll teacher and groups (all teachers) 
of interactions from the teacher and the 
students arc usually similar in quantity 
although teacher utterances arc generally 
longer. 
Assertion 6144 Related text 
Where student interactions arc higlicr than Chap. 6: Interaction between teacher and groups (all tcachcrs) 
that of the teacher, the teacher has more 
opportunity to recognise students' 
understandings. 
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Assertion 6/45 Rcl:11cd ICXl 
In most classes during gruup wurk, the Ch,ip. (1: lntcracl1trn between 1cm:hcr ;md gruups (all teachers) 
number of utterances fnun 1cuchc1 s ur 
students that relate tn m;.mugcmcn!, c11hcr 
oft he task llf uf stutknt hchaviuur, is 
higher than those rdall'd to developing 
undcrstumlings. 
Assertion 6/46 Hcla!ccl !ext 
Curriculum materials rrn.y be manipulated Chap. (1: General (Mr C.1rtcr) 
to suppllrt u teacher's style uftcach111g but 
still maintain the integrity of the materials. 
Assertion 6/47 Related text 
A 4uick initial check of.1!1 groups ensures Chap. 6 General (all teachers) 
students undcrsrnnd the tusk aml have the Chup. 8:, Mr Avery's teaching of Proposition 3, Lesson la; 
correct mi.ltcrials. 
Assertion 6148 Related text 
Student involvcmcnt in activities is Chap. 6 Student participation (all tcuchers) 
increased when students arc able to Chap. 7: Focus Group (Mr Avery, Ms Drown); Focus Group work 
progress at their own rate and they become habits (Mr Avery) 
bored and off-task when they arc required 
to wait for instructions from the teacher. 
Assertion 6149 Related text 
Because of the demands of supervising Chap. 6 General (all teachers). 
group work in a given class, teachers may Chap. 8: Ms Brown's teaching of Proposition 5, Lesson l 
miss visiting some groups which may 
disadvantage those groups. 
Assertion 6/50 Rcl::ited text 
Listening to group discussion or reading Chap. 6: Interaction between teacher and groups (all teachers) 
student notes enables the teacher to Chnp. 8: Mr Avery's teaching of Proposition 3, Lesson ! a  
ascertain student understandings and pose 
questions to  facilitate the development of 
ideas and underst.:ndings of students in thnt 
group. 
Assertion 6/51 Related text 
Teacher visits to groups may be used lo Chap. 6: Interaction between teacher and groups (all teachers). 
facilitate the dc\clopmcnt ofconccp!Ual Chap. 7: Types of interactions (:-..lr ,\very) 
understandings through discussion :rnd Chup. 8: Ms Brown's Teaching of Proposi1ion 5. Lesson 1 
questioning. 
Assertion 6/52 Related text 
Acceptance in the group discussion of Chap. 6 Interaction between teacher and groups (all teuchers) 
students' answers that are based on Chap. 7: Interactions within the Focus Group (Mr Carter) 
unscientific beliefs may result in students Chap. 8: fvlr Avery's teaching of Proposition 2, Lesson lu. Focus 
rctuining incorrect understandings if the Group 
concept is not later discussed and clarified 
in the whole-class discussion. 
Assertion 6/53 Related text 
lnfonnation and ideas developed with or Chap. 6: General (al! teachers); Interaction between teacher and 
given to individual groups also need to be groups (all teachers) 
given to the whole-class. Chap. 8: Ms Brown's teaching, Lesson 1 
Assertion 6/54 Re\uted text 
Visits to groups may be used to review Chap. 6 Interaction between teacher and groups (all teachers) 
previous work or understandings and make 
!inks to current understandings. 
Assertion 6/55 Related text 
Teachers find different ways of helping Chap. 6 Interaction between teacher and groups (all teachers). 
students with practical tllsks, some of which Chap. 8: Mr Avery's teaching of Proposition J, Lesson la, I b. 
may allow the students more opportunity to  
learn than others. 
Assertion 6/56 Related text 
Students need to be taught how to work Chap. 6: Interaction between teacher and groups (all teachers): 
collaboratively and to solve problems General (Ms Brown) 
within a group situation. Chap. 7: Focus Group (all teachers); Types of interactions (all 
teachers): Focus group use of group work time (Mr Carter) 
Focus Group work habits (Mr Carter) 
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Assertion 6/57 Rclutcd text 
Turn-taking and cooperation in groups may Clrnp. 6 lntcrnctiun between teacher and groups (Mr /\very, />1' 
by maintained by low key nrnnagcrmmt ur Carter); General (Ms Brown) 
strong managcnu:nt solutions. Jlowcvcr, 
imposed management sulu1ions rn:iy only 
work for n limited time. 
Assertio11 6/58 Related lcxt 
Students may use teacher visits tu their Chap. G Student participation (all tct1chcrs) 
group to check !heir unders1amlings and/or Chap. 8 :  Mr Avery's teaching of  Proposition 5, Lesson I a ' . 
that they arc working correctly on the \ ' 
assigned practical t:1sk. ·. ·, '. '--
Assertion 7/59 Related text ' ' ·, '  
Students with a greater knowledge of the Chap. 7: [ntcrnclions within the Focus Group (Mr Carter); I i  
topic than other group members may offer Types o f  interactions (Mr Avery, Ms Brown) .. . \ ;  
their information or ideas in a helpful or Chap. 8: Mr Avery's Teaching of Proposition 5, Focus w6U\)
_ .. 
--
dictatorial manner which may nffcct the .,:,, ,·, . 
development of understanding. . .  
Assertion 7 /60 Related text 
The choice of students to work together in Chap. 7: Focus Group (all teachers} 
groups needs to be plnnncd carefully to Focus group use of group work time (Mr Carter) 
avoid dysfunctional group5 
Assertion 7/61 Relnted text 
A student may direct the group in an Chap. 7: Focus Group (Ms Brown) 
unobtrusive manner but still hnvc the role 
of leader. 
Assertion 7/62 Relntcd text 
The presence of,1 lcader in a group, even if Chnp. 7 The Focus Group (all tenchers) 
this role is rotated between students, Chnp. 8 :  Mr Avery's Teaching of Proposition 5, Focus group; Mr  
facilitates group work. Avery's tcnching of Proposition 3, Focus Group 
Assertion 7/63 Related text 
Jndividunl group members, either mnlc or Chap. 7: Focus Group (Ms Brown); Focus Group work habits (Ms 
female, may use the equipment to the Brown) 
exclusion or partial exclu� .;:�fothcrs. 
Assertion 7/64 Related text 
Students with less knowledge in a mixed Chap. 7 The Focus Group {all teachers); Focus group\rsc of group 
ability group mny not participate as work time (Mr Avery); Interactions within the Focus Group (Mr 
effectively in nctivitics and discussions as Avery, Ms  Brown) 
those with more knowledge. Chap. 8 :  Mr Avery's teaching of  Proposition 3, Focus group 
Assertion 7/65 Related text 
Students in groups need to ensure that all Chap. 7: Types of interactions (all teachers) 
members nrc involved i n  the task. 
Assertion 7/66 Rclaled text 
The students' level of attention during Chap. 7: Focus group use of group work time (all teachers) 
group work may affect thci1 opportunities 
to lenm. 
Assertion 7/67 Relntcd text 
The attendance of a teacher llt n group Chnp. 7: Focus Group (Mr Carter) 
improves group attentiveness. 
Assertion 7/68 Related text 
Groups need to be tnught strategics to Chnp. 7: Focus Group work habits (Ms Brown, Mr Car1cr); Focus 
enhance attentiveness. Group (Mr Carter) 
Assertion 7/69 Rclntcd text 
The social dynnmics of the group may Chap. 7 :  Focus group use of group work time (all teachers) 
affect their on-task behaviours. 
Assertion 7/70 Related text 
Groups which infrequently engage in Chap. 7: Focus group work habits (ull teachers) 
extended social conversation demonstrate 
more success in completing tasks. 
Assertion 7/71 Relolcd text 
Groups which engage in positive Clrnp. 7: Focus group use of group work time (all teuchcrs); Types of 
interactions demonstrate more success in intcrnctions (Mr Avery, Ms Brown) 
completing tnsks. 
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Assertion 7/72 Rclutcd text 
Students who do not complete prncticul Chap. 7: Focus group use of group work 1imc (Ms Brown) 
uctivitics may find it more dillicult to 
develop undcrstandmgs. 
Assertion 7/73 Related 1cxl ' 
Friendly interactions and d"fcctivc Chup. 7: Types of interactions {all tc.Jchcrs) 
discussion skills provide mm,• 
opportunities for lcnrning und therefore 
better construction of undcrst,rndings. 
Assertion 7/74 Related text 
Students who engage in coopcrntivc Chup. 7: Types of interactions (ull teachers) 
discussion give all students in the group 
opportunities to develop understandings. 
Assertion 7/75 Rc!utcd text 
Answers which include explanations allow Chap. 7: Types of interactions (Mr A very); Interactions within the 
more opportunity for discussion and Focus Group (Ms Brown) 
learning. Chap. 8: Mr Avery's teaching of Proposition 3, Focus Group 
Assertion 7176 Reluted text 
Students who arc ublc to accept and build Chap. 7 Focus group use of group work time (Mr Avery); Types of 
on comments from others have more interactions (all teachers) 
opportunities to develop understundings. Chap. 8: Mr Avery's teaching of Proposition 3, Focus Group 
Assertion 7/77 Related text 
Students who engage in incidental Chap. 7 The Focus Group (all teachers); Types of interactions (Mr 
discussion during actidties as well as the Avery, Ms Brown) 
discussions suggested by the teacher, have 
more opponunitics to develop 
understandings. 
Assertion 7/78 Related text 
Group discussion in primary schools is Chap. 7: Focus group use of group work time (al! teachers) 
often only made up of short stntcments. 
Asi:;artion 7/79 Related text 
Teacher support enables more constructive Chap. 7: Focus Group (Mr Carter); Focus group use of group work 
discussions to occur. time (Mr Avery) 
Assertion 7/80 Rcl3ted text 
Students who arc used to working Chap. 7 The Focus Group (all teachers) 
independently of the teacher maintain this 
when working in groups. 
Assertion 7{81 Related text 
A framework for discussion, e.g. a list of Chap. 7: Focus Group (Mr Avery, Mr Carter) 
questions which need response�. Chap. 8: Mr Avery's teaching of Proposition 3, Focus Group 
encourages all the students to respond in a 
discussion. However, it may not necessarily 
result in good discussion. 
Assertion 7/82 Related text 
Even when students appear inattentive Chap. 7: Focus Group work habits (Mr Avery) 
during whole-class discussions they may 
still be paying attention. 
Assertion 8/83 Rch1tcd text 
Teachers who arc less aware of alternative Chap. 8: Mr Avery's teaching of Proposition 5, Lesson la 
frameworks may, by restricting discussion Ms Brown's tenching of  Proposition 5 ,  Lesson I 
either in group work or in whole-class 
discussion, not give students the 
opportunity to recognise and discuss other 
ideas. 
Assertion 8{84 Related text 
Even when information is not presented Chap. 8: Ms Brown's tc.iching of Proposition 5, Changes in students 
clearly and effectively by the teacher in the undcrst.indings, Table 8.2; Mr A vcry's teaching of Proposition 2, 
who!c-class discussion, students may still Changes in students understandings 
improve their understanding of a concept. 
This may be through whole-class 
interactions or from interactions with other 
group members. 
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Assertion 8185 !Mated text 
Sullicicnt time needs to be allowed in all Chap. 8: Mr Avc,y',, teaching of Proposition 2, Lesson l a, Focus 
lessons for the students to engage in Group 
discussion and rcnection. 
Assertion9/86 Related text 
Where teachers :.ire knowledgeable und use Chap. 9: Mr Avery :md Mr Carter, Comparison ofC!usscs 
a wide varie1y of methods lo i l lustrate and 
explain phenomena, with students engaged 
in discussion and constructing idcus, the 
students have more opportunities for 
learning and arc more likely to reach 
seienti!ically acceptable understandings. 
Assertion9/87 Related text 
Where teachers omit parts of the curriculum Chap. 9: Mr Avery, Proposition 2; Ms Brown, all Propositions; Mr 
ordo not use the supplied materials, Carter, Proposition 8 
students may not be given !he opportunity 
to develop scientifically acccptab!c 
understandings. 
Assertion 9/88 Related text 
Where effective reviews arc not conducted Chap 9: Ms Brown, all propositions; Mr Carter Propositions 7 and 8 
it is likely that any improvement in 
understanding will be limited. 
Assertion 9/89 Related text 
Groups that do not have the skills to work Chap. 9: Comparison of Classes, Focus Groups, all classes 
cooperatively are less likely to improve 
their understanding of  the concepts under 
investigation. 
Assertion 9/90 Related text 
Students who do not appear to be overtly Chap. 9: Comparison of Classes, Focus Groups, all classes 
participating effectively in the group 
activities may still substantially  improve 
their understanding of  the concepts under 
investigation. 
Assertion 9/91 Related text 
Dramatic or interesting methods of Chap. 9: Mr Avery, all propositions except Proposition 6; Ms 
illustrating phenomena result in more Brown, all proposition; Mr Carter, Proposition I 
learning t:iking place. 
Assertion 9/92 Related text 
Where teachers have non-scientific Chap. 9 Mr Carter, Proposition 5 
understandings these arc hard to change 
and may be passed on to the students. 
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